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ABSTRACTS
Annual Conference of the British Association of Sport
and Exercise Sciences
University of Wolverhampton, Walsall Campus, 11 – 13 September
PART I: BIOMECHANICS
Biomechanics variability in runners with
Achilles tendinopathy
L. B. Azevedo1,2, C. O’Connor2, M. Lambert3,
C. L. Vaughan3, & M. P. Schwellnus3
1University of Worcester, UK, 2University College
Dublin, Ireland and 3University of Cape Town,
South Africa
A decreased kinematic variability was found in runners
with patellofemoral pain compared with uninjured
runners (Hamill et al., 1999: Clinical Biomechanics, 14,
297 – 308). Therefore, the aim of this study was to
investigate the kinematic, kinetic, and EMG activity
variability in runners with Achilles tendinopathy.
Thirty-four uninjured runners (body mass 67.8+
10.5 kg; height 1.71+0.09 m; age 37.0+9.2 years)
and 25 runners diagnosed with Achilles tendinopathy
(body mass 77.6+12.6 kg; height 1.78+0.07 m;
age 41.8+9.7 years) were recruited. After receiv-
ing institutional ethics approval, the participants per-
formed 10 trials at a self-selected running speed
(uninjured: 2.98+0.38 m  s71; injured: 2.97+0.37
m  s71), wearing a standardized running shoe. Knee
and ankle kinematics in the sagittal plane (SP) and
frontal plane (FP) and kinetic measurements were
recorded. Muscle activity was recorded from the
tibialis anterior (TA), lateral gastrocnemius (LG),
rectus femoris (RF), biceps femoris (BF), and gluteus
medius (GM) with a telemetric electromyography
(EMG) system. Variability in EMG, kinetics, and
kinematics variables was analysed using the variance
ratio. Independent t-tests were applied to compare
intra-participant variability, the stride-to-stride varia-
bility of each participant, between the injured and
uninjured groups. Inter-participant variability, the
variability between participants, was also calculated
for each group.
Table I. Inter- and intra-participant variability of EMG.
TA BF GM LG RF
Inter-participant
Uninjured 0.97 0.66 0.87 0.42 0.52
Injured 0.21 0.29 0.31 0.35 0.31
Intra-participant
Uninjured 0.36+ 0.23 0.43+ 0.22 0.42+0.29 0.30+0.26 0.26+ 0.21
Injured 0.48+ 0.22 0.34+ 0.21 0.55+0.25 0.34+0.26 0.42+ 0.26*
*P5 0.05.
Table II. Inter- and intra-participant variability of kinetics and kinematics.
Horizontal forces Vertical forces Ankle SP Ankle FP Knee SP Knee FP
Inter-participant
Uninjured 0.12 0.03 0.04 0.09 0.03 0.12
Injured 0.06 0.01 0.03 0.10 0.03 0.05
Intra-participant
Uninjured 0.18+0.17 0.06+ 0.08 0.08+ 0.08 0.17+0.13 0.05+ 0.04 0.26+ 0.19
Injured 0.20+0.17 0.06+ 0.07 0.14+ 0.16 0.23+0.19 0.10+ 0.21 0.39+ 0.26*
*P5 0.05.
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The results (Tables I and II) indicate that the
inter-participant variance ratio was more than 50%
higher in the uninjured than the injured group for the
following variables: tibialis anterior, biceps femoris,
gluteus medius, rectus femoris, horizontal force,
vertical force, and knee angle in the frontal plane.
Intra-participant variability was significantly higher
in the injured group for the rectus femoris and knee
angle in the frontal plane.
In conclusion, uninjured runners tend to present
with more variable biomechanics than injured
runners. However, for some kinematics and
EMG variables, injured runners present a higher
stride-to-stride variability. Greater variability in the
uninjured runners could be associated with a better
individual biomechanical adjustment for this group
compared with the injured runners.
Joint power and work in an elite sprinter
at maximum velocity
I. N. Bezodis1, A. I. T. Salo1, & D. G. Kerwin2
1University of Bath and 2University of Wales Institute,
Cardiff, UK
Mechanical power and work reveal the important
aspects of muscle interactions in performance. Leg
joint power patterns during ground-contact have
been documented in sprinters during acceleration
(Johnson & Buckley, 2001: Journal of Sports Sciences,
19, 263 – 272) and distance runners at maximum
velocity (Belli et al., 2002: International Journal of
Sports Medicine, 23, 136 – 141), but not in sprinters at
maximum velocity. The aim of this study was to
quantify the joint power and work patterns of an elite
sprinter during a ground-contact phase at maximum
velocity to improve our understanding of the
muscular control of the movement.
Synchronized sagittal plane video (200 Hz) and
ground reaction force (1000 Hz) data were obtained
from one world-class male sprinter, who had given
written informed consent, at 45 m of two 60-m
maximal sprints (at velocities of 10.37 and
10.14 m  s71). Metatarsophalangeal, ankle, knee,
hip, and shoulder joint centres were manually digi-
tized on the side of the ground leg and reconstructed
using the two-dimensional direct linear transforma-
tion. All raw data were digitally filtered after residual
analysis and joint power and work were calculated at
the leg joints using conventional inverse dynamics
equations.
The hip extensors performed positive work early
in stance (82 and 131 J). Positive work at the ankle
(82 and 52 J) began in both trials approximately
0.015 s before it ceased at the hip. Positive work
occurred at the knee (11 and 15 J) soon after touch-
down, but was negligible for the remainder of stance.
The timings of knee power phases were inconsistent
between trials.
Ankle and hip patterns mostly supported previous
findings, but the lack of major positive knee extensor
work in late stance did not (Belli et al., 2002;
Johnson & Buckley, 2001). Johnson and Buckley
(2001) suggested the powerful knee extension
propelled the body forwards rather than upwards,
but it has been suggested that, at maximum velocity,
vertical not horizontal force production is crucial
(Mann, 1985: In The elite athlete, edited by N. Butts,
T. Gushiken, & B. Zarins. Jamaica, NY: Spectrum
Publications). The generally low power measured at
the knee suggests a stabilizing and compensatory,
rather than power-producing, role for the joint,
which may be linked to the specific demands of
maximum velocity sprinting, presented by Mann
(1985). Future studies will determine whether these
characteristics are specific to the athlete studied,
or are typical of all elite sprinters at maximum
velocity.
Similarity in the neuromuscular adaptations
to maximal concentric- and eccentric-only
isokinetic training in previously untrained
individuals
A. J. Blazevich, D. R. Coleman, D. Cannavan,
P. Wytch, & S. Horne
Brunel University, UK
Athletes who perform Olympic lifts and individuals
undergoing neuromuscular rehabilitative treatments
perform concentric-only strength training exercises.
While there is a substantive body of research showing
the benefits of the eccentric phase of training, a
complete picture of the relative adaptations has not
been presented.
With permission from the local ethics committee,
10 men and 11 women trained using either con-
centric or eccentric isokinetic knee extension exercise
three times a week for 10 weeks. Training consisted of
4 (weeks 1 – 3), 5 (weeks 4 – 7), and 6 sets (weeks
8 – 10) of maximal contractions at 0.52 rad  s71.
Before (0 week) and after (10 weeks) the training,
neuromuscular adaptations were assessed.
Both groups increased their concentric (0.52,
3.14, and 5.23 rad  s71) and eccentric (0.52 and
3.14 rad  s71) peak knee extensor moment
(12.3 – 71.0%; P5 0.001), although the concentric
improved their concentric moment more at
0.52 rad  s71 (P5 0.05). These increases were not
accompanied by detectable changes in surface EMG
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of the quadriceps or hamstring muscles. Quadriceps
muscle volume measured by magnetic resonance
imaging (MRI) increased in both groups by 10.2%
(P5 0.001) with all muscles increasing similarly;
however, proportional increases were greater in the
distal (12.7%) than proximal (7.3%) thigh.
Isometric knee extensor moment increased with
training; a greater increase was seen in trials where
participants initiated the contraction slowly (15.1%
increase) compared with those with a maximum rate of
force development (9.5%). Quadriceps muscle force
(calculated after knee moment arm was determined
from sagittal plane MRI scans of the knee, and the
torque contribution of the knee flexors was estimated
from the biceps femoris EMG – torque relationship
measured during a ramped isometric knee flexion
contraction) increased simultaneously with a decrease
in the knee flexor contribution. The increases in
ramped isometric force were associated with a near-
significant increase in quadriceps EMG (95% con-
fidence interval¼70.134 to 0.003 mV). The rate of
force development measured during a maximal
isometric contraction 30, 50, 100, and 200 ms after
contraction initiation increased significantly in both
groups, although the rate of force development at
30 ms was greater in the concentric condition (con-
centric vs. eccentric: 38% increase vs. 12% increase).
However, a comparison of participants with a greater-
or lesser-than-median relative rate of force develop-
ment before training showed that changes only
occurred in those who had a lesser-than-median rate
of force development at training onset. Torque levels
during force development were reached with a lower
EMG, which suggests an improvement in neuromus-
cular efficiency after training.
Our results show that maximal concentric training
allows the same, or perhaps better, neuromuscular
adaptation to maximal eccentric training in pre-
viously untrained individuals.
Attention demands of fast walking in healthy
young adults
A. Dennis1, H. Dawes1, C. Elsworth1, J. Collett1,
J. Cockburn2, & H. Johansen-Berg3
1Oxford Brookes University, 2University of Reading
and 3University of Oxford, UK
Simultaneously performing a motor and a cognitive
task is called cognitive motor interference (CMI).
Studies of the effects of CMI using gait in healthy
young individuals have shown that gait is controlled
automatically, leaving ‘‘resources’’ available to tackle
a cognitive task successfully (Beauchet et al., 2005:
Journal of Neuroengineering and Rehabilitation, 2, 26).
To date, studies have concentrated on gait at natural
speeds; there is little published data on the attention
cost of walking at a faster than natural speed. We
examined the effect of CMI on step time and
cognitive task performance during walking at a fast
pace. The study was approved by the local ethics
committee and informed consent was obtained
(Declaration of Helsinki, 1996).
In a randomized order, seven healthy adults (mean
age 30 years, s¼ 6) performed a single motor task
(walking at a fast speed along a 16-m walkway), two
cognitive tasks (a mental arithmetic task and a visuo-
spatial decision task), and CMI tasks. Cognitive
performance as defined by response scores was
recorded using DirectRT research software (Empiri-
soft) and temporal walking parameters were mea-
sured using a tri-axial accelerometer (ACL300,
Biometrics, Gwent). The accelerometer data were
smoothed and then analysed over a 5-s window. A
peak detection method was used to identify foot
contact, allowing step times to be measured. The
cognitive data were analysed using parametric
statistics, but the gait data did not meet the criteria
for parametric testing and therefore non-parametric
statistics were conducted.
A Friedman test showed that step time varied
significantly across the three conditions (k2¼ 6,
d.f.¼ 2, P5 0.05). Further inspection of the change
scores from single to cognitive motor interference
(Wilcoxon test) revealed a significant difference
between the two cognitive tasks (z¼72.207, n¼ 6,
P¼ 0.0135, one-tailed P5 0.05), showing the men-
tal arithmetic task to have a significant effect on gait.
Dependent t-tests with Bonferroni correction on
the cognitive data revealed a significant decrement
(t¼ 2.08, P¼ 0.04) in performance on the mental
arithmetic task under CMI conditions, but no
significant difference (t¼70.79, P¼ 0.22) in the
visuo-spatial task performance from single to cogni-
tive motor interference task conditions.
Changes in gait during the mental arithmetic task
condition confirm that certain parameters of fast
walking are attention demanding in young adults and
different types of cognitive tasks will influence gait
differently. Further study is warranted using larger
sample sizes.
Pressure distribution in the uppers of shoes
during sport-specific movement
A. Greenhalgh, N. Chockalingam,
A.-M. O’Conner, & F. Chatterley
Staffordshire University, UK
Areas of intense localized pressure applied to the foot
can lead to detrimental effects such as stress fractures
of the metatarsal bones and foot ulceration. Although
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researchers have investigated the pressures applied to
the plantar region of the foot during sport-specific
movements (Eils et al., 2004: American Journal of
Sports Medicine, 32, 140 – 145), there is little infor-
mation regarding the pressure distribution between
the foot and the uppers of footwear. Sport-specific
movements involving explosive changes in direction
produce large mediolateral and anteroposterior
ground reaction force components, which could
result in areas of high localized pressure being
exerted on the various sides of the foot by the uppers
of the shoe. Plantar pressure data obtained during
various soccer-specific movements produced differ-
ent pressure patterns for the various movements.
Therefore, there could be differences among pres-
sure patterns applied to the foot through the uppers
of the footwear for various sport-specific movements.
This would mean that for high-frequency sports
movements, modifications that produce more evenly
distributed pressure in the non-plantar region of the
foot would be beneficial.
The purpose of this study was to highlight the need
for, as well as develop, an in-shoe upper pressure
measuring system. The study used a single male
participant aged 23 years who performed multiple
trials of various sport-specific movements while
wearing an adapted in-shoe pressure sensor to
measure localized pressure at the lateral side of his
right foot. Ethical approval was obtained from the
university’s ethics committee and informed consent
was obtained from the participant before testing. The
results are shown in Table I.
Peak pressures of up to 136 and 370 kPa were
recorded at the lateral side of the 5th metatarsal head
and the calcaneum respectively, with significant
differences (P50.05) between the peak pressures
found in the predominantly anterior movements
(starting, sprinting, and stopping) and the two move-
ments employing a considerable lateral movement
strategy (side-stepping and cutting). The differences
observed suggest that a component of the large
mediolateral forces observed during cutting and side-
stepping were applied through the uppers of the
footwear. This suggests a need to consider the pressure
between the uppers and the footwear as well as the
plantar region. The development of in-shoe sensors to
measure localized pressure between the foot and the
uppers may prove to be a valuable tool in designing
footwear and orthotics to reduce overuse injuries
associated with the non-plantar region of the foot.
Relationships between kinetic and kinematic
variables during distance running
B. Hanley & A. Mohan
Leeds Metropolitan University, UK
Both kinematic and kinetic variables are important
for success in distance running (Cavanagh & Kram,
1990: In Biomechanics of distance running, edited by
P. R. Cavanagh. Champaign, IL: Human Kinetics).
However, few studies have combined video and force
data. The aim of this study was to examine the
relationships between kinetic and kinematic para-
meters during distance running.
The study was approved by the university’s ethics
committee and informed consent was given by 14
male distance runners (mean age 31.9 years, s¼ 6.9;
stature 1.78 m, s¼ 0.07; body mass 65.1 kg,
s¼ 6.9). Their personal best times for 10 km ranged
from 30 to 35 min. Each participant ran for 10 km
on a treadmill (Gaitway, Traunstein). The average
treadmill speed was 17.5 km  h71 (s¼ 0.6) and each
runner ran at a constant pace. Data were recorded
using the Gaitway treadmill, which has two in-
dwelling force plates (Kistler, Winterthur). The
sampling rate was 1000 Hz. Data were collected
for 30 s on five occasions during the run, at 1500,
3000, 5000, 7500, and 9500 m. For concurrent
analysis, two stationary high-speed cameras (Red-
Lake MotionPro, Tucson) were placed perpen-
dicular to and behind the treadmill respectively.
The sampling rate was 250 Hz and the shutter
speed 1/500 s. The first and last recordings were
digitized and analysed using SIMI Motion (Munich)
and filtered using a Butterworth low-pass filter.
Force data were normalized and the values for each
variable averaged before analysis. Statistical analysis
consisted of Pearson product – moment correlation
coefficient tests.
The distance of the foot behind the centre of mass
at toe-off showed a negative relationship with
maximum vertical force (r¼70.656, P¼ 0.011)
and push-off rate (r¼70.535, P¼ 0.049). Maxi-
mum vertical force was also related to the height of
vertical displacement of the centre of mass
(r¼ 0.551, P¼ 0.041), and push-off rate with ca-
dence (r¼ 0.578, P¼ 0.030).
Table I. Mean peak localized pressure recorded between the
uppers and the foot.
Average peak pressure (kPa)
Movement
Lateral border
of the 5th
metatarsal head
Lateral border
of the
calcaneum
Side-step 79+11 202+ 68
Cutting 116+18 179+ 114
Starting (straight forward) 45+7 14+ 2
Sprinting (straight forward) 51+8 17+ 0
Stopping (straight forward) 50+8 17+ 1
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As shorter distances from the centre of mass to the
toe-off foot were related to higher forces and push-off
rates, this suggests greater propulsion is achieved
through reducing the distance the support leg travels
behind the body. The relationship between push-off
rates and cadence appears to support this. However,
greater vertical forces tended to increase vertical
displacement of the centre of mass, which can cause
inefficient gait.
Differences in gait parameter between the
legs during 10,000-m distance running
B. Hanley & L. Smith
Leeds Metropolitan University, UK
Previous research on the effects of fatigue during
distance running has shown changes in step length
and cadence (Elliot & Ackland, 1981: Research
Quarterly for Exercise and Sport, 52, 160 – 166). It is
unclear whether these changes are uniform for both
legs. The aim of the study was to investigate the
differences between the legs for kinetic variables and
step length, and changes caused by fatigue.
The study was approved by the university’s ethics
committee and informed consent was given by 14
male distance runners (mean age 31.9 years, s¼ 6.9;
stature 1.78 m, s¼ 0.07; body mass 65.1 kg, s¼ 6.9).
Their personal best times for 10 km ranged from 30
to 35 min. Each participant ran for 10 km on a
treadmill (Gaitway, Traunstein). The average tread-
mill speed was 17.5 km  h71 (s¼ 0.6) and each
runner ran at a constant pace. Data were recorded
using the Gaitway treadmill, which has two in-
dwelling force plates (Kistler, Winterthur). The
sampling rate was 1000 Hz. Data were collected for
30 s on five occasions during the run, at 1500, 3000,
5000, 7500, and 9500 m. Statistical analysis con-
sisted of repeated-measures analysis of variance.
There was a significant difference between the legs
for maximum force (F1,13¼ 11.89, P¼ 0.004, Z2¼
0.48, power¼ 0.89) and push-off rate (F1,13¼ 13.41,
P¼ 0.003, Z2¼ 0.51, power¼ 0.92), although these
differences did not change significantly with distance
run. The difference in step length between the legs
was significant (F1,13¼ 20.97, P¼ 0.001, Z2¼ 0.62,
power¼ 0.99) and showed a significant increase
from a mean difference of 1.6 cm (s¼ 1.4) at
1500 m to 2.6 cm (s¼ 2.4) at 9500 m. This increase
was significant (F4,52¼ 2.58, P¼ 0.048, Z2¼ 0.17,
power¼ 0.69).
The results reveal significant leg dominance
during distance running. The increased difference
in step length as the run progressed suggests an
imbalance between the legs that worsens as fatigue
sets in. This increase is probably at least partially due
to strength imbalances as suggested by the findings
of significant differences between the legs for
maximum (active) force and push-off rate. Athletes
should be aware that such imbalances need to be
corrected to prevent injury and maintain efficient
racing technique.
The effect of an AircastTM ankle brace on
lateral peak impact forces during cutting
manoeuvres in male basketball players
A. Hawkey & R. Cloak
University of Wolverhampton, UK
Ankle injuries are among the most common injuries
sustained by basketball players (Messina et al., 1999:
American Journal of Sports Medicine, 27, 294 – 299).
AircastTM ankle braces have been reported to be an
effective method of restricting excessive mediolateral
forces associated with injury (Eils et al., 2002: Clinical
Biomechanics, 17, 526 – 535). The aim of the present
study, therefore, was to evaluate the effectiveness of
an external ankle brace on reducing lateral peak
impact forces in basketball players during sideward
cutting movements past a static defensive opponent.
With institutional ethics approval, 10 male uni-
versity basketball players (mean age 25 years, s¼ 5.2;
stature 1.71 m, s¼ 0.06; weight 794 N, s¼ 77.2)
were recruited to the study. All players completed a
health questionnaire before participating in the study
to screen for any lower extremity injury. Cutting
angles were measured at 458 from the original
movement direction in accordance with values
typically observed during match-play (McLean
et al., 1999: Medicine and Science in Sports and
Exercise, 31, 959 – 968). Trials involved approach
speeds between 4.5 and 5.5 m  s71. A 10-min rest
was given between experimental conditions, as
fatigue can contribute to decreased ground reaction
force (Madigan & Pidcoe, 2003: Journal of Electro-
myography and Kinesiology, 13, 491 – 498). The static
defensive opponent was situated 20 cm behind the
force platform and in line with the original direction
of motion to induce realistic cutting motion
(McLean et al., 2004: Medicine and Science in Sports
and Exercise Science, 36, 1008 – 1016. The frequency
of response on the force platform was 500 Hz in all
six components of the ground reaction force. Lateral
peak impact forces were recorded during three trials
under each condition.
A paired-sample t-test indicated statistically sig-
nificant (t9¼ 6.342, P¼ 0.01) differences between
lateral peak impact forces when wearing an Air-
castTM ankle brace (mean 0.75 body weight,
s¼ 0.06) compared with no brace (mean 0.8 body
weight, s¼ 0.05).
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Our results suggest that the application of an
AircastTM ankle brace significantly reduces lateral
peak impact forces during a cutting manoeuvre
around a static defensive opponent (P¼ 0.01).
Longitudinal field studies are still required to assess
the long-term performance implications for those
athletes wearing an ankle brace.
Effect of heel height on pressure distribution
in experienced high-heel wearers and possible
impact on physical activity patterns
A. Hawkey & I. Gough
University of Wolverhampton, UK
Millions of women wear high heels every day, in both
professional and social settings (Esenyel et al., 2003:
Journal of the American Podiatric Medicine Association,
93, 27 – 32). Research suggests that high-heeled
shoes adversely affect gait kinematics and a link
between foot problems and the wearing of high heels
has been proposed (Gefen et al., 2002: Gait and
Posture, 15, 56 – 63). There is limited research
examining the relationship between heel height and
pressure distribution and the possible impact on
physical activity patterns. The aim of this present
study was to determine if an increase in heel height
altered pressure distribution during walking.
With institutional ethics approval, 16 experienced
(415 h per week) high-heel wearing females (mean
age 25.8 years, s¼ 10.4) walked in each of four
separate conditions: barefoot over a pressure plate
(RSScan footscan system; RSScan International,
Belgium) and in three conditions wearing shoes with
different heel heights (1.5, 5.3, and 9 cm), which had
a pressure-measuring insole (RSScan Instep Insole
system; RSScan International, Belgium) inserted
into each shoe. To ensure the participants walked
at their preferred natural speed across all of the
conditions, speed of movement was not controlled
(Cavanagh et al., 1992: The Foot, 2, 185 – 194).
Anatomical points of interest were the five metatarsal
heads, lateral and medial aspects of the heel of the
left foot.
Repeated measures analysis of variance revealed
that an increase in heel height resulted in significant
increases in pressure at the heads of metatarsal 2
(Wilks’ l¼ 0.173, F3,12¼ 19.13, P5 0.01) and
metatarsal 3 (Wilks’ l¼ 0.173, F3,12¼ 19.13,
P5 0.01), and decreases in pressure at the head of
metatarsal 5 (Wilks’ l¼ 0.173, F3,12¼ 19.13,
P5 0.01) and the lateral heel (Wilks’ l¼ 0.173,
F3,12¼ 19.13, P5 0.01).
The results of this study suggest that increases in
heel height may influence pressure distribution
across the metatarsal heads and the heel during
walking. This could increase the incidence of hallux
valgus and hallux rigidus and have a negative impact
on women participating in physical activity after
wearing high heels throughout the day. Heel heights
should, therefore, be kept to a minimum to reduce
these exacerbating conditions, and enable women to
participate in regular physical activity. Future re-
search should focus on the long-term effects that
prolonged high-heel wearing has on physical activity
patterns.
The use of mechanical factors and judges’
scores to propose an optimal handspring vault
model in gymnastics
A. Hawkey & G. Williams
University of Wolverhampton, UK
The handspring vault is a fundamental technique
within gymnastics (Geddert, 1998: Technique, 18,
1 – 3). Previous studies of handspring vault perfor-
mances are limited by their inability to apply judging
criteria used to evaluate gymnastics performance,
therefore preventing the proposal of an optimal
performance model (Geddert, 1998). The relation-
ship between mechanical factors and judges’ scores,
therefore, remains unclear. The aims of this study
were to investigate the mechanical factors that could
lead to a successful handspring vault performance
and propose a model of optimal handspring vault
performance.
With institutional ethics approval, 20 female
gymnasts (mean age 14.3 years, s¼ 2.8) of regional
standard performed two handspring vaults during
competition in accordance with British Amateur
Gymnastics Association (BAGA) regulations
(BAGA, 2002: Women’s artistic gymnastics British
development plan. Shropshire: BAGA). The vault
receiving the highest score from the judges was
analysed using motion analysis software (silicon-
COACH Pro; siliconCOACH Ltd., New
Zealand). Kinematic factors during the phases of
run-up, take-off and pre-flight, repulsion, and
post-flight were analysed and included run-up
distance, run-up speed, time in contact with
board, hip, elbow and shoulder angles, speed of
movement, height above and distance from the
take-off board, time in contact with the board, and
time in post-flight.
Regression analysis revealed 14 factors correlated
to judges’ scores. Factors showing the strongest
correlation were: time in contact with the board
during the take-off phase (r¼70.724, R2¼ 0.524,
P¼ 0.001); time in contact with the vault during the
repulsion phase (r¼70.732, R2¼ 0.536, P¼ 0.001);
time in the post-flight phase (r¼ 0.813, R2¼ 0.661,
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P¼ 0.001); step distance from board (r¼ 0.679,
R2¼ 0.661, P¼ 0.001); angle of the elbow at hand-
stand (r¼ 0.676, R2¼ 0.457, P¼ 0.001); and angle
of take-off from the vault (r¼ 0.687, R2¼ 0.471,
P¼ 0.001). The significantly correlated factors were
then combined to propose an optimal handspring
vault model.
The results of this study indicate that certain
mechanical factors influence judges’ scores and when
combined enable the proposal of an optimal hand-
spring vault performance model. It is suggested that
coaches use this model when formulating training
programmes for gymnasts. Future research should
focus on assessing and evaluating the application of
this proposed optimal handspring vault model to
gymnastics competitions.
The effects of gender on lower limb kinematics
during volleyball block jump landings
G. Hughes, J. Watkins, & N. Owen
University of Swansea, UK
The incidence of non-contact anterior cruciate
ligament (ACL) injury in females has been reported
to be 6 – 8 times greater than in males (Gwinn et al.,
2000: American Journal of Sports Medicine, 28, 98 –
102). Non-contact ACL injury is reported to be
associated with increased knee valgus on landing
(Olsen et al., 2004: American Journal of Sports
Medicine, 32, 1002 – 1012). Studies examining the
kinematics of landing report that females tend to
exhibit greater knee valgus than males (Ford et al.,
2003: Medicine and Science in Sport and Exercise, 35,
1745 – 1750), which may indicate a greater risk of
ACL strain. However, the valgus angle in females is
greater than that in males in normal upright
standing. Consequently, the greater valgus angle on
landing in females may simply reflect the greater
valgus angle in normal upright standing and not
necessarily a greater risk of ACL strain. The purpose
of this study was to investigate the effects of gender
on the absolute knee valgus angle and the knee
valgus angle relative to the normal upright standing
position in five female (mean age 21.2 years, s¼ 1.3)
and five male (mean age 21.6 years, s¼ 3.3)
collegiate volleyball players when performing
block jump landings in opposed and unopposed
conditions.
After receiving institutional ethics approval, the
participants were required to perform two landing
tasks designed to mimic a volleyball block jump and
landing:
1. Unopposed: The participants were instructed to
jump up and pretend to block a volleyball
suspended 10 cm above a net of height 2.43 m
for the males and 2.23 m for the females.
2. Opposed: The participants jumped to block the
suspended volleyball as it was spiked against
them by an opposing player.
A 12-camera Vicon 512 system (Vicon, Oxford,
England) sampling at 120 Hz was used to determine
three-dimensional coordinates of 39 retro-reflective
markers. The markers were placed directly on the
skin in accordance with the Vicon system’s plug-in
gait marker set. The Vicon system calculated, from
the markers and anthropometric data, the three-
dimensional coordinates of the knee joint centres.
The data were filtered using a Woltring Filter
equivalent to a low-pass filter with a cut-off frequency
10 Hz.
Two-way analysis of variance with repeated
measures (Pallant, 2001: SPSS Survival Manual.
London: Allen & Unwin) showed that females
exhibited a significantly greater (P¼ 0.05) maximum
valgus/varus angle during landing and relative
valgus/varus angle than males in unopposed and
opposed conditions (Table I). The relative valgus/
varus angle for males was significantly less in
opposed than in unopposed conditions. There was
no significant difference in static knee valgus/varus
angle between males and females. Consequently, the
greater valgus angle in normal upright standing in
females does not completely account for the greater
valgus angle on landing in females compared with
males and may indicate decreased dynamic stability
of the knee on landing in females compared with
males.
Table I. Group mean results for static knee valgus/varus angle (VSTA), maximum valgus/varus angle during landing (VMAX) and relative
valgus/varus angle (VREL) (7 varus; þ valgus) (mean+ s).
Males Females
Unopposed Opposed Unopposed Opposed
VSTA (8) 1.43+3.66 1.43+ 3.66 2.06+2.93 2.06+ 2.93
VMAX (8) 72.38+8.13 70.03+ 7.21 12.94+11.22 10.75+ 6.90
VREL (8) 73.81+7.58 71.46+ 6.70 10.88+13.06 8.69+ 8.74
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The effect of grab and track start techniques
on dive distance, glide distance, and glide
time in freestyle swimming
R. Nicholas & J. Watkins
University of Swansea, UK
In standing starts in swimming, start time (to 15 m
from the start) is the sum of block time, flight time, and
glide time. Watkins et al. (2005: Journal of Sports
Sciences, 23, 1163 – 1164) showed that glide time was
significantly longer in females than males and was
associated with a significantly longer start time in
females. Glide time is determined by glide distance
and average horizontal velocity during the glide. The
purpose of this study was to investigate the effect of
glide distance on glide time in six female (mean age
18.0 years, s¼ 1.1) and eight male (mean age 18.9
years, s¼ 2.8) swimmers in the Wales National Squad.
With institutional ethics approval, each swimmer
performed three trials of each type of start under
50-m freestyle race conditions. All trials were
recorded on video (Sony 51212) at 50 Hz. The
distance and time variables shown in Table I were
measured using the Quintic video motion analysis
system (Quintic Consultancy, Coventry).
A SPANOVA (Pallant, 2001: SPSS survival
manual. London: Allen & Unwin) showed that dive
distance was similar for both start techniques in
females and males, but significantly shorter in
females (P5 0.05). Glide distance was similar for
both start techniques in females and males, but
significantly longer in females. Average horizontal
velocity during the glide was similar for both start
techniques in females and males, but significantly
lower in females. There was no significant difference
in horizontal velocity at take-off or change in
horizontal velocity per metre of glide between the
two start techniques or between males and females.
Therefore, it is reasonable to conclude that the
greater glide time experienced by the females was
due to their greater glide distance and, consequently,
greater exposure to drag rather than differences in
relative drag.
The effect of marker misplacement on the
kinematic and kinetic parameters of gait
R. White1 & I. Agouris2
1University of Sunderland and 2Robert Gordon
University, UK
The purpose of this study was to quantify the effect
of marker misplacement on the three-dimensional
motion capture model outputs (Vicon, Oxford
Metrics, Oxford, UK). The importance of the
repeatability of kinematic and kinetic data in normal
adult gait has been reported in a previous study
(Kadaba et al., 1989: Journal of Orthopaedic Research,
7, 849 – 860). For the purposes of marker misplace-
ment analysis, the standard Vicon (Helen Hayes)
marker set was used on two individuals. This study
was approved by the hospital ethics committee.
To achieve pre-defined marker misplacements
(simulation), a software routine was developed
using the Vicon 370 (version 2.6) Bodybuilder
modelling software. Such models have the advan-
tage of inserting pre-defined errors in original data
and of predicting the effects of these errors on the
output parameters. This is not feasible using
captured gait data, since the effects of these errors
would not be easily isolated from other sources of
variability. However, to validate the model, its
effects on the output gait parameters were tested
against the effects caused by physical marker
misplacements.
A healthy adult male aged 29 years and a healthy
10-year-old girl had markers attached to the skin and
gait data were collected while walking at their self-
selected speed. The procedure was repeated after
physically misplacing selected markers in turn by
20 mm vertically and then by 20 mm horizontally.
Markers were also misplaced using Bodybuilder
modelling software in the mediolateral and ante-
rior/posterior directions. The differences in the
model output parameters before and after marker
misplacements were determined using the coefficient
of multiple correlation. Pearson’s correlation coeffi-
cient and a Student’s two-tailed paired-samples t-test
Table I. Group mean results (mean+ s) for dive distance, glide distance, horizontal velocity at take-off (vTO), average horizontal velocity
during the glide (vG), and change in horizontal velocity per metre of glide (Dv) (mean+ s).
Females Males
Grab Track Grab Track
Dive distance (m) 2.85+ 0.18 2.85+0.18 3.51+ 0.25 3.39+ 0.25
Glide distance (m) 12.15+ 0.30 12.15+0.36 11.49+ 0.32 11.61+ 0.29
vTO (m  s71) 3.94+ 0.25 4.02+0.31 4.01+ 0.19 4.05+ 0.36
vG (m  s71) 1.80+ 0.05 1.81+0.07 1.95+ 0.11 1.98+ 0.10
Dv (s71) 0.181+ 0.01 0.177+0.01 0.177+ 0.01 0.178+ 0.01
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were used to assess differences between the adult and
child data.
For the comparison of the effects of the physical
versus the simulated marker misplacements, the
coefficient of multiple correlation ranged from
0.999 to 0.981. Physical marker misplacements led
to changes in the kinematic data, shifting the curves
by constant offsets throughout the gait cycle.
Changes in the kinetic data were less pronounced.
The gait parameters in the transverse plane were the
most sensitive to marker misplacement errors and
this has to be taken into account during examination
of gait analysis reports.
The model output parameters were not equally
sensitive to marker misplacements and not all marker
misplacements caused equally significant effects on
the model outputs. The most sensitive outputs were
the transverse plane angles, mainly knee and ankle
rotations. Knee varus/valgus was a highly sensitive
parameter (coefficient of multiple correlation¼
0.684 for both the adult and child). Horizontal
misplacements of markers had more pronounced
effects on the data than vertical misplacements.
Video analysis software and its application
to trampolining
R. White & L. Kouache
University of Sunderland, UK
Digital video recording has revolutionized processing
and analysis of video information in almost every
sport. There is a plethora of video analysis software
available and each has its own unique features.
The aim of this study was to investigate the
benefits of video analysis software when applied to
coaching and judging in trampolining. Video clips of
beginners up to international performers were
captured and assessed for their usefulness in coach-
ing (technique analysis) and judging (performance
assessment). Three software packages (Dartfish,
Quintic, and Silicon Coach) were compared for
their suitability as a coaching tool and an aid to
judging as they had been developed with biomecha-
nical features. For the purpose of coaching, certain
specific features were assessed: live capture, instant
replay, split screen, digitizing facilities, playback
speeds, tagging, drawing tools, special features (i.e.
SimulCam, StroMotion), and import and export of
data from multiple formats for editing, publishing,
and presentations. A kinematic investigation was
undertaken for judging and the following features
assessed: live capture, split screen, instant replay,
pause facility, tagging, and quick location were
compared for use with all standards of performance.
The software packages were a useful addition to
visualization of coaching trampolining as the move-
ment could be replayed at much slower speeds than
the live performance, almost instantly after capture,
repeatedly played, and a more precise analysis
obtained. The ease and speed of use is vital when
judging competitions due to time constraints. Some
limited use of video is already used in judging for the
calculations of the difficulty (tariff) of the skills. The
trampolining performance at competition lasts ap-
proximately 30 s and involves 10 skills. This fast-
moving action requires simultaneous assessment at
multiple joints in three dimensions. Inputs from
several cameras were needed to assess performance
in more than one plane of motion. This can be
achieved with both Dartfish and Quintic.
All three versions of the software were used for
measuring consistency of jump height. Useful
comparisons of technique were made using the
SimulCam and StroMotion features in Dartfish.
The digitization facility was compared for all three
software packages, for example in assessing the range
of plantar flexion and dorsiflexion of the foot. The
visual display of Quintic had many useful biomecha-
nical features relevant to trampolining. Navigation
through the Quintic analysis software was straight-
forward and intuitive. Silicon Coach was very user-
friendly and easy to learn but did not offer the full
range of features available from Quintic or Dartfish.
The effect of stance width and body
movement in putting
R. White & P. Riddle
University of Sunderland, UK
The putting stroke in golf accounts for nearly half of
all the swings made by elite golfers and is therefore
the most vital component of the sport (Pelz, 2000:
Dave Pelz’s putting bible. New York: Doubleday).
Such movements as head, knee, and shoulder
rotation in the transverse plane during the putting
stroke decrease the accuracy and overall consistency
of putting.
The purpose of this study was to determine if a
particular stance affected putting accuracy and con-
sistency. The width of the putting stance was varied
and the amount of movement occurring at key body
positions (head, shoulders, and knees) and the putter
head were recorded during the putting stroke using a
Vicon motion three-dimensional capture system.
Twenty golfers who played golf regularly were
included in this study, ten with low handicaps
(0 – 6) and ten with high handicaps (12 – 20). The
university research code of conduct was followed.
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Each golfer had five putts using their normal,
narrow, and wide stance widths. A scoring system
was devised and points awarded for the closeness of
the ball to the hole. The lower the score, the more
accurate the putt was deemed to be. Zero points were
awarded for a hole in one and 4 points for missing
the hole by 40 cm or more. Putting distances of 2
and 4 m were used.
The wide putting stance consistently produced
lower scores compared with the normal and narrow
putting stances with the exception of 2-m putts in
low handicap golfers, where the results were similar.
Lower handicap golfers recorded consistently lower
scores than their higher handicap counterparts
throughout all three putting styles and the two
putting distances. The mean scores for the normal/
wide/narrow stance for the 4-m putts were 2.83/1.9/
3.33 for the high handicap group and 1.5/1.1/1.8 for
the low handicap group.
Consistently there was greater movement of the
body segments during the 4-m than the 2-m putts. The
movement of the head, knees, and shoulders of high
handicap golfers showed larger variations compared
with the low handicap group. For example, mean head
movement in the high handicap group was 92.3
(s¼ 11.4) mm and in the low handicap group 78.4
(s¼ 4.5) mm. When adopting a narrow stance, head
movement increased by 8.2% in the high handicap
group, whereas adopting a wide stance decreased head
movement by 7.7% in the same group.
Despite the low handicap group achieving con-
siderably lower scores than their higher handicap
counterparts during 4-m putts, shoulder movement
in the fore and aft direction was greater in all three
putting stances. This may be due to the putter head
following a more curved path.
PART II: KINANTHROPOMETRY
Ambulatory physical activity levels in British
children
M. Duncan, Y. Al-Nakeeb, L. Woodfield, &
M. Lyons
Newman College of Higher Education, UK
Low levels of physical activity are associated with a
range of hypokinetic diseases in childhood and there
have been calls to monitor children’s ambulatory
physical activity in relation to cut-off points for
health (Tudor-Locke et al., 2004: Preventive Medi-
cine, 38, 857 – 864). Rowlands and Eston (2005:
Research Quarterly for Exercise and Sport, 76, 251 –
257) have recently proposed thresholds of 12,000
and 13,000 steps per day as being indicative of
accumulating more than 60 min moderate activity in
girls and boys respectively. However, it is not clear
what proportion of British children is achieving these
thresholds and whether there is variation in ambu-
latory activity between weekdays and weekends. The
aim of this study was to assess children’s physical
activity with reference to weekday/weekend variation
and proportion of children meeting recently identi-
fied steps per day cut-off points.
One hundred and eight children aged 8 – 11 years
(mean 9.2 years, s¼ 0.8) volunteered to participate
after receiving informed consent from the children
and their parents and institutional ethical approval.
Physical activity was determined by sealed ped-
ometer (New Lifestyles NL-2000, USA) worn over
4 days (2 weekend days, 2 weekdays). Mean daily
step counts were used to identify the proportion of
children meeting the steps per day threshold
proposed by Rowlands and Eston (2005), and a 2
(mean weekend vs. mean weekday steps)62 (gen-
der) repeated-measures analysis of covariance was
used with body mass index as the covariate.
Results indicated that 32.8% of boys and 23.4% of
girls were achieving the thresholds of 13,000 and
12,000 steps per day respectively. No higher-order
interactions were evident and no significant differ-
ence was found between weekday and weekend
physical activity (all P4 0.05). Results of between-
participant effects did reveal a significant difference
in ambulatory physical activity according to gender
(F1,105¼ 4.666, P5 0.05). Mean steps per day for
the boys and girls were 11,738 (s¼ 3754) and 10,285
(s¼ 2189) respectively.
Our results indicate that children’s ambulatory
physical activity appears to be relatively stable across
weekends and weekdays when controlling for weight
status. However, a significant proportion of boys and
girls do not accumulate the number of steps per day
associated with participation in more than 60 min of
moderate activity. This is particularly worrying in the
case of girls, as 87.2% of girls did not achieve the
threshold of 12,000 steps per day. These results also
support conclusions made by Rowlands and Eston
(2005) that boys engage in significantly more
ambulatory physical activity than girls. These results
also illustrate the need for effective interventions to
increase physical activity in British children.
Measurement of spinal shrinkage during
rugby match-play
M. Kingsley, V. Hart, L. Kilduff, & R. Dietzig
University of Wales Swansea, UK
Spinal shrinkage is a term that is used to describe
changes in spinal length that results from vertebral
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disc compression. Van Deursen et al. (2005: Clinical
Biomechanics, 20, 547 – 550) demonstrated that 1 h
of standing and walking caused similar amounts of
spinal shrinkage, when measured by an inclined
stadiometer. Rugby requires periods of running and
contact that have the potential to generate high intra-
discal pressure (IVP). The aims of this study were to
assess the utility of sitting height to calculate spinal
shrinkage, and to investigate the effects of rugby
match-play on spinal shrinkage.
Thirty-two university rugby football players (16
males, 16 females) volunteered and provided in-
formed consent for the study, which was approved by
a university ethics committee. The mean mass and
height of the males was 91.2 kg (s¼ 7.6) and 1.83 m
(s¼ 0.06) respectively; the mean mass and height of
the females was 74.7 kg (s¼ 14.1) and 1.68 m
(s¼ 0.09) respectively. After familiarization, the
players completed two test days (normal day and
match day) in a random order. Sitting height was
measured, according to the methods described in the
International Standards for Anthropometric Assess-
ment (ISAK, 2001), using a Portable Stadiometer
(Holtain, UK), on three separate occasions: within
15 min of rising from bed (baseline); 12:30 h (pre-
game on match days); and 16:00 h (post-game on
match days). Spinal shrinkage was calculated at
12:30 and 16:00 h from baseline values and analysed
using mixed-model analysis of variance with statis-
tical significance set at P5 0.05.
Spinal shrinkage increased from 12:30 to 16:00 h in
all groups (timing effect: P¼ 0.001, partial Z2¼ 0.81;
Table I). Rugby influenced spinal shrinkage when
compared with normal daily activity (trial6timing
interaction effect: P¼ 0.001, partial Z2¼ 0.39;
Table I). However, gender (trial6timing6gender
interaction effect: P¼ 0.850, partial Z2¼ 0.01) and
position (trial6timing6position interaction effect:
P¼ 0.171, partial Z2¼ 0.07) did not affect the pattern
of spinal shrinkage.
Our results suggested that rugby match-play
increases IVP when compared with normal daily
activity. In addition, sitting height might be useful as
a simple method of measuring spinal shrinkage when
specifically designed equipment is not available.
Comparison of thoracic kyphosis in elite
wrestlers and non-wrestlers
R. Rajabi1, P. J. Doherty2, M. Goodarzi1, &
R. Hemayattalab1
1University of Tehran, Iran and 2York St. John
University College, UK
Athletes frequently present postures that are gener-
ally peculiar to their sport. In the thoracic area of
some bilateral athletes such as cyclists, boxers, and
wrestlers, kyphosis might occur because of the nature
of their sports (Usabiaga et al., 1997: Spine, 22,
1965 – 1969). Freestyle wrestling demands extreme
flexibility of the spine, especially in terms of spinal
flexion. Theoretically, it can be argued that repeated
exposure to extreme spinal flexion can lead to
adverse effects on the spine and might be an
important factor associated with increased kyphosis.
The aim of this study was to investigate whether the
extent of the thoracic kyphosis differs between
wrestler groups (freestyle and Greco-Roman style)
and non-wrestlers.
With institutional ethics approval, 34 male world-
class Iranian wrestlers consisting of 19 freestyle aged
20 – 38 years (mean 25.7, s¼ 4.1) and 15 Greco-
Roman style aged 17 – 27 years (mean 23.3, s¼ 3.5),
and 25 male non-wrestlers aged 19 – 27 years (mean
22.8, s¼ 2.3) were recruited. Each selected wrestler
had to meet a minimum criterion of 5 years’
experience of wrestling. A modified electrogoni-
ometer deemed to be reliable and valid (intra-class
correlation coefficient¼ 0.99, PPM (r) for electro-
goniometer and Cobb’s method of measuring
kyphosis¼ 0.88) (Rajabi et al., 2003: Kinanthropo-
metry, VIII, 263 – 271) was used to measure the
kyphosis in degrees. The angle of kyphosis was
measured as the angle between spinous processes T3
and T4 and thoracic vertebrae T10 and T11.
The mean kyphosis was 32.28, 28.58, and 28.78 for
the freestyle wrestlers, Greco-Roman wrestlers, and
non-wrestlers respectively. One-way analysis of
variance followed by a post-hoc test revealed a
significant difference in mean kyphosis between
freestyle and Greco-Roman wrestlers (P¼ 0.021;
effect size¼ 1.25) and between freestyle wrestlers
and non-wrestlers (P¼ 0.014; effect size¼ 0.69).
The results highlight an increased kyphosis in
freestyle wrestlers in comparison with Greco-Roman
wrestlers and non-wrestlers. The mechanism for this
increase in other sports with a similar body posture is
theoretically supported (Mellion, 1994: Clinics in
Table I. Spinal shrinkage during normal and rugby match days.
Spinal shrinkage (cm)
(12:30 h vs. baseline)
Spinal shrinkage (cm)
(16:00 h vs. baseline)
Normal
day
Match
day
Normal
day
Match
day
Male backs
(n¼8)
0.7+ 0.3 0.8+ 0.3 1.0+ 0.3 1.4+0.4
Male forwards
(n¼8)
0.6+ 0.3 0.9+ 0.3 1.0+ 0.3 2.0+0.8
Female backs
(n¼8)
0.6+ 0.4 0.6+ 0.3 0.9+ 0.4 1.1+0.7
Female forwards
(n¼8)
0.7+ 0.4 0.6+ 0.4 1.0+ 0.3 1.6+0.7
Abstracts 245
D
o
w
n
lo
ad
ed
 B
y:
 [
De
ak
in
 U
ni
ve
rs
it
y]
 A
t:
 0
0:
45
 3
 S
ep
te
mb
er
 2
00
9
Sports Medicine, 13, 137 – 164) and our results
suggest that freestyle wrestling are at increased risk
of kyphosis.
Modelling segmental muscle volume
by multiple bioelectrical impedance
measurements
A. Stahn1,2, E. Terblanche2, & G. Strobel1
1Free University of Berlin, Germany and 2University
of Stellenbosch, South Africa
Most approaches using bioelectrical impedance
analysis (BIA) to estimate body composition rely
on statistical techniques rather than biophysical
models. As a result, an increasing number of
sample-specific regression equations are being pub-
lished, which do not improve the BIA-technique per
se but rather increase the difficulty of choosing the
correct equation. Based on a technique recently
proposed by Salinari et al. (2003: Journal of Applied
Physiology, 94, 1552 – 1556), we evaluated the
feasibility of modelling arm and leg muscle volume
using multiple bioimpedance measurements without
the need for deriving new prediction equations.
With institutional ethical approval, muscle volume
of the arm and leg were determined in 15 young men
by a whole-body 1.5T MRI scanner (Symphony,
Siemens). Axial slices 10 mm thick with an inter-
slice gap of 10 mm were taken for the arm and leg,
respectively, and subsequently analysed using a
thresholding technique (ImageJ 1.35j, NIH) to
quantify muscle volume in each slice.
Following an initial bioimpedance analysis at 50 and
500 kHz at the right side of the body using a
conventional (whole-body) tetrapolar electrode ar-
rangement, impedance measurements were per-
formed every 2 mm on the anterior part of the arm
and leg, respectively (SFB3, Impedimed). A curve-
fitting procedure (TableCurve 2D v5.01, SYSTAT
Software Inc.) was then employed to obtain a function
of the resistance profile. Assuming a constant resistiv-
ity of muscle, the derivative of the function allowed the
calculation of muscle cross-sectional area (CSA).
Finally, integration of muscle CSA over segment
length gave a measure of total muscle volume.
Muscle volumes measured by magnetic resonance
imaging (arm: MVMRI¼ 1172+182 cm3; leg:
MVMRI¼ 6184+1028 cm3) were not significantly
different (P¼ 0.178 and P¼ 0.164 for arms and legs,
respectively) from muscle volume determined by
multiple BIA (arm: MVBIA¼ 1135+164 cm3; leg:
MVBIA¼ 6036+1030 cm3). Similarly, the relative
error between MRI reference values and
BIA-modelled total muscle volume confirmed an
acceptable degree of agreement between the
techniques (4.8% and 7.2% for legs and arms,
respectively).
We conclude that modelling of multiple BIA
measurements shows promise for the determination
of segmental muscle volume without the need for a
statistically derived prediction algorithm. However,
evaluation needs to be continued to test the validity
of the technique in a large sample and its potential
for monitoring body composition changes in cross-
sectional studies.
PART III: NUTRITION AND
BIOCHEMISTRY
Sprint cycle performance indices, maximal
strength, and lean body mass changes following
ingestion of an amino acid supplement
M. R. Airstone-Baker1, S. O. Fagbemi1, &
A. E. J. Morris2
1Lincoln College and 2University of Lincoln, UK
In this study, we examined the influence of ingesting
1.2 g  kg71 day71 of a whey protein supplement
that also contains dextrose, creatine monohydrate,
glutamine, HMB, potassium bicarbonate, and so-
dium bicarbonate, or placebo for a period of 8 weeks,
using a double-blind, crossover design, with a
4-week washout period, on the performance of
16 trained male games players (mean body mass
80.4 kg, s¼ 7.7). Approval for the study was granted
by the Lincoln College Ethics Committee.
The effects of the amino acid supplement on
changes in peak power output (PPO), mean power
output (MPO), the fatigue index (FI), and peak
pedal frequency (PPF) during ten 6-s cycle erg-
ometer sprints against a resistance of 75 g  kg71
body mass with 24 s active recovery were recorded.
Measures of maximal strength during one-repetition
maximum (1-RM) bench press (MaxB) and squat
(MaxS) exercises and changes in lean body mass
(LBM) were also noted. Dietary and exercise diaries
recorded practices throughout the experimental
period. Two-way repeated-measures analysis of
variance and the Tukey post-hoc test were applied.
Significant differences between pre- and post-
supplement conditions were found in power output,
leg speed, fatigue index, maximal strength, and lean
body mass (Table I).
The results demonstrate that consumption of a
combined amino acid supplement for 8 weeks
induced significant changes in peak power output,
mean power output, peak pedal frequency, fatigue
index, lean body mass, maxB, and maxS and are
consistent with studies using supplements with
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similar active ingredients (Lemon, 2002: Canadian
Journal of Applied Physiology, 27, 663 – 680). The
mechanisms of effect can be attributed to a number of
previously reported factors including enhanced ade-
nosine triphosphate availability, a reduction in
muscle relaxation time and muscle growth, which
may alter protein turnover and enhance training
capability possibly as a result of creatine ingestion.
Extrapolation of the results to other weight-supported
activities might be possible, yet the significant
increases in lean body mass may negate the effects
during running or weight-dependent activities.
The effects of exercise intensity and duration
on fat metabolism in trained and untrained
older males
M. Bassami1,2, S. Ahmadizad2, D. Doran1, &
D. P. M. MacLaren1
1Liverpool John Moores University, UK and 2Sports
Science Research Centre, Ministry of Sciences, Tehran, Iran
Ageing is associated with changes in body composition
including reduced lean body mass and increased body
fat (Romijn et al., 1993: American Journal of Physiology,
265, E380 – E391). Exercise intensity and duration are
important determinants of fat and carbohydrate
oxidation, and several studies have described the
relationship between exercise intensity and fat and
carbohydrate oxidation in young healthy individuals
(Short et al., 2003: Diabetes, 52, 1888 – 1896). There-
fore, the present study was designed to investigate the
effect of exercise intensity and duration on fat
metabolism as well as the relationship between training
status and fat metabolism in elderly males.
Seven trained (mean age 63.7 years, s¼ 4.7) and six
untrained (mean age 63.5 years, s¼ 4.5) healthy males
performed three 30-min exercise trials on a cycle
ergometer at 50, 60, and 70% maximal oxygen uptake
( _V O2max) and two trials at 60 and 70% _V O2max in
which the energy expenditure was equivalent to
30 min at 50% _V O2max. The five exercise trials were
randomly allocated and separated by one week.
Respiratory measures were undertaken throughout
the exercise and blood samples were taken before and
immediately after exercise. The data were analysed
using two-way analysis of variance (ANOVA) (times,
26intensity, 3) with repeated measures.
Fat oxidation values for the 50, 60, and 70%
_V O2max trials of similar duration were 0.36 (s¼ 0.21),
0.40 (s¼ 0.16), and 0.26 g min71 (s¼ 0.13), respec-
tively. Repeated-measures ANOVA revealed a sig-
nificant effect of exercise intensity (F2,10¼ 7.1;
P¼ 0.02) with significant differences between the 60
and 70% _V O2max trials. When the energy expendi-
ture was held constant for 50, 60, and 70% _V O2max,
total fat oxidation values were 11.1 (s¼ 6.5), 7.9
(s¼ 3.6), and 6.6 g (s¼ 5.3), respectively. Post-hoc
analysis revealed a significant difference between the
50% and 70% _V O2max trials (F2,10¼ 9.7; P¼ 0.001).
There were no significant differences between the
trained and untrained participants, and the total
carbohydrate oxidized increased significantly with
exercise intensity (F1,5¼ 22.2; P¼ 0.005). No sig-
nificant effects of exercise intensity on non-esterified
free fatty acid, glycerol, or b-hydroxybutyrate
(P4 0.05) were observed, although significant differ-
ences were found between the trained and untrained
participants for non-esterified free fatty acid and
glycerol (F2,18¼ 0.115, P¼ 0.00).
When the exercise trials are equated in terms of
time, the highest rate for fat oxidation occurs at a
moderate exercise intensity (i.e. 60% _V O2max), and
when the total energy expenditure is held constant
more fat is oxidized at a low exercise intensity (i.e.
50% _V O2max). Furthermore, no differences were
observed between trained and untrained participants
in relation to fat oxidation even though there was
enhanced availability of some fat metabolites.
Strength and body composition changes
associated with leucine supplementation
and resistance training
T. Ispoglou & R. F. G. J. King
Leeds Metropolitan University, UK
Evidence to support the role of leucine as an ergo-
genic aid and supplement to enhance muscle growth
during resistance training is limited (Koopman et al.,
2005: American Journal of Physiology: Endocrinology
and Metabolism, 288, E645 – E653). Leucine alone
Table I. Mean (+ s) values across all performance tests in each trial.
Trials PPO (W) MPO (W) PPF (rev  min71) FI (%) MaxB (kg) MaxS (kg) LBM (kg)
Pre-placebo 1113+ 58.3 789.2+ 44.3 86.54+ 10.1 60.71+6.9 69.38+ 13.8 84.69+ 16.2 70.72+ 6.2
Post-placebo 1006+ 59.7 811.4+ 41.5 95.05+ 9.0 47.24+7.1 70.63+ 12.8 90.31+ 15.0 70.44+ 6.4
Pre-supplement 966.2+ 71.9 789.2+ 39.4 91.33+ 12.4 44.81+7.3 68.75+ 13.6 86.25+ 19.3 70.38+ 6.2
Post-supplement 1059+ 44.6 803.3+ 51.5 104.4+ 10.9 38.18+5.8 75.31+ 12.8 104.8+ 20.8 71.13+ 6.2
Significance P50.001 P¼ 0.001 P50.001 P50.001 P50.001 P50.001 P¼0.037
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can enhance protein synthesis (Anthony et al., 2000:
Journal of Nutrition, 130, 2413 – 2419) while resis-
tance exercise has been shown to increase protein
synthesis and breakdown (Biolo et al., 1995: Amer-
ican Journal of Physiology, 268, E514 – E520). The
aim of this study was to investigate the effects of
combined daily and post-exercise leucine supple-
mentation on strength and body composition during
12 weeks of training.
After approval was granted by the local ethics
committee, 26 untrained men were matched and
allocated to one of two groups of supplementation
(placebo: n¼ 13, mean age 28.2 years, s¼ 7.3; leucine,
n¼ 13, mean age 28.5 years, s¼ 0.0). Participants
trained twice per week in eight exercises and ingested
daily either 4 g of leucine or lactose. Five-repetition
maximum strength (5-RM) was assessed every 4
weeks. Fat-free mass was measured using dual-energy
X-ray absorptiometry, multi-frequency bioelectrical
impedance, and total body potassium.
There were increases in 5-RM strength of leg press
(P¼ 0.001), bench press (P¼ 0.001), preacher curls
(P¼ 0.000), and triceps press (P¼ 0.000) (two-way
analysis of variance); total strength (sum of 5-RM
in eight exercises) gains in the leucine group
were greater than those in the placebo group
(t12¼72.508, two-tailed P¼ 0.028). Total fat-free
mass was greater than pre-exercise values for both the
placebo (P¼ 0.005) and leucine (P¼ 0.002) groups.
There was an increase (P5 0.05) in fat-free mass of
the arms, legs, and trunk regions of the leucine group,
and also in the arms and legs of the placebo group; the
mean gains in trunk fat-free mass were 0.3 kg
(s¼ 0.8) for the placebo group (P¼ 0.176) and
0.8 kg (s¼ 1.1) for the leucine group (P¼ 0.031).
Our results demonstrate that leucine supplementa-
tion improved strength performance to a greater extent
than placebo in specific exercises; the total percentage
gains were 31.2% (s¼ 6.1) and 41% (s¼ 8.6) for the
placebo and leucine groups respectively. Greater gains
in trunk fat-free mass accompanied the group with the
highest strength gains. The results suggest that leucine
supplementation combined with resistance training
improves strength and fat-free mass.
The effects of accumulating short bouts
of running throughout the day on emerging
cardiovascular disease risk factors
in young men
M. Miyashita & D. J. Stensel
Loughborough University, UK
Physical activity guidelines (Department of
Health, 2004: At least five a week. London: DoH)
recommend that accumulated physical activity is
beneficial to health. This is supported by the findings
from observational studies demonstrating an associa-
tion between accumulated physical activity and
decreased risk of cardiovascular disease (Lee et al.,
2000: Circulation, 102, 981 – 986). Little is known
regarding the effects of accumulating short
(510 min) bouts of physical activity on emerging
cardiovascular disease risk factors. The purpose of
this study was to examine the effects of accumulating
short bouts of running throughout a single day on
cardiovascular disease risk as indicated by postpran-
dial triacylglycerol and C-reactive protein (CRP)
concentrations.
Following approval from the university ethics
committee, ten males (mean age 24.4 years, s¼ 4.3;
height 1.77 m, s¼ 0.06; body mass 71.2 kg, s¼ 6.7)
completed 2 one-day trials at least one week apart in
a randomized, counterbalanced order. On one
occasion the participants ran at 70% of maximum
oxygen uptake in six 5-min bouts (1.5 h rest after
each). On another occasion they rested. In both
trials, the participants consumed test meals (0.69 g
fat, 0.95 g carbohydrate, 0.31 g protein, and
46 kJ  kg71 body mass) for breakfast and lunch.
Venous blood samples were obtained periodically for
9 h. Commercially available kits were used to
determine the concentrations of plasma triacylgly-
cerol and glucose (Randox Laboratories, UK),
plasma insulin (MP Biomedicals, USA), plasma
acylated ghrelin (SPI BIO, France) and serum
CRP (high sensitivity assay, DPR International
Inc., USA). The data were analysed using Student’s
t-tests.
Total area under the plasma triacylglycerol con-
centration versus time curve was lower on the
exercise compared with the control trial (13.5,
s¼ 5.7 vs. 15.0, s¼ 6.1 mmol  9 h  l71 respec-
tively; P¼ 0.004). Plasma insulin concentration was
also lower on the exercise trial compared with
the control trial (2449, s¼ 773 vs. 2893, s¼ 652
pmol  9 h  l71 respectively; P¼ 0.048). Concen-
trations of plasma acylated ghrelin (an indicator
of appetite), plasma glucose, and serum CRP (a
marker for inflammation) did not differ between
trials.
These findings show that postprandial plasma
triacylglycerol and insulin concentrations may be
reduced when accumulating short bouts of exercise.
Moreover, in contrast to some studies (Fallon,
2001: Clinical Journal of Sport Medicine, 11, 38 – 43;
Siegel et al., 2001: American Journal of Cardiology,
88, 918 – 920) involving prolonged continuous
exercise, serum CRP concentrations were not
elevated by the accumulated activity performed in
the present study.
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Nutritionally balanced bars to support
an Everest expedition
K. L. Phillips1, S. Gunther1, & R. F. G. J. King2
1Cadbury Schweppes Global Science Centre and
2Leeds Metropolitan University, UK
There is a need for specialist nutrition products to be
developed for use in extreme environments. The
main specifications should be to provide nutritionally
balanced energy dense cereal bars fortified with
antioxidants, vitamins, and minerals, have superior
taste, be easy to eat under extreme conditions (up to
9000 m altitude and potentially7408C), and be easy
to transport and unwrap with gloved hands.
Two bars were specifically designed, one to deliver
fast-release energy when consumed on the move, the
other to deliver slow-release energy when consumed
at rest. The fast-release energy bar was formulated
with refined carbohydrates and the binding syrup
was glucose based for rapid absorption. The target
macronutrient balance was: 50 – 75% carbohydrates,
10 – 15% protein, and *10% fat.
The slow-release bar contained more fat, protein,
and fibre to slow digestion and carbohydrate to main-
tain glycogen stores and blood glucose availability.
The binding syrup contains low GI sugars and soluble
fibres. The target macronutrient balance was: 40 –
75% carbohydrates, 15 – 25% protein, and*15% fat.
The glass transition temperatures of the binding
syrups were measured to establish the glass point,
hence acceptable limit for consumption. The water
activity was tested as an indicator for microbiological
stability. The nutritional composition of the bars was
tested by Group 2 nutritional analysis. The micro-
biological stability of the bars was tested, analysing
for yeasts, moulds, and bacteria. The bars were
foil-packaged in easy-open flow wrap to provide
protection from moisture and oxidation.
The nutrients were within the set target ranges as
outlined (Table I). The water activity was below 0.6
and microbiological analysis was acceptable.
Analytical and organoleptic analyses, together with
feedback from the Army, demonstrated the bars’
superior nutritional balance, texture, flavour,
and appearance to provide energy and nourish-
ment under extremely difficult and severe physical
conditions.
Urinary creatine excretion following
supplementation with 465 g day71
or 2061 g day71 of creatine monohydrate
for 5 days
C. Sale1, R. C. Harris2, & J. Florance2
1QinetiQ, UK and 2University of Chichester, UK
Despite the continued widespread use of creatine
monohydrate as a sports supplement, few studies
have investigated the impact of varying the creatine
monohydrate dosing regime on urinary creatine ex-
cretion and retention. We aimed to examine the
effect of two creatine monohydrate supplementation
regimes (465 g day71 and 2061 g day71 for
5 days) on 24 h urinary creatine excretion.
Nine healthy males (mean age 28 years, s¼ 9
years; height 1.84 m, s¼ 0.05; body mass 83.8 kg,
s¼ 7.1) completed two 9-day counterbalanced ex-
perimental trials separated by 6 weeks. The partici-
pants consumed creatine monohydrate in either
465 g day71 (evenly ingested at 3-h intervals) or
2061 g day71 (evenly ingested at 30-min intervals)
doses for 5 days. Twenty-four hour urine samples
were collected on two baseline days (days 1 – 2),
Table I. Composition of bars.
Nutrients (g per 100 g) Fast-release energy bar Slow-release energy bar
Kilocalories 423 415
Total carbohydrates 63.8 52.8
Available carbohydrates 61.6 42.4
Protein 12.6 21.3
Fat 14.0 17.8
Fibre 2.3 3.8
Ingredients Rice crispies, almonds, nuts, dried fruit,
glucose, whey protein, vegetable fat
Soya crispies, oats, almonds, nuts, wheat bran,
dried fruit, honey, isomaltulose, oligofructose
Vitamins and minerals Niacin, vitamins B6,12, E, creatine Creatine, calcium, vitamins C, E, B12, B6, A, iron
Glass transition temperature
of binding syrup
7198C
Water activity 0.5
Microbiological analysis All micro-organisms including total
viable count either not detected or
within safe limits
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during 5 days of creatine monohydrate supplementa-
tion (days 3 – 7), and for 2 days post-supplementa-
tion (days 8 – 9). Aliquots of urine were stored
at 7808C and were subsequently analysed for
creatine and creatinine concentrations using high-
performance liquid chromatography. The study was
approved by the university ethics committee.
The change in body mass from pre- to post-
supplementation following the 2061 g day71 re-
gime (þ1.7 kg, s¼ 0.4) was significantly greater
(t6¼ 4.22, P5 0.01) than following the 465 g 
day71 regime (þ0.7 kg, s¼ 0.2). The 24-h creatine
excretion rates were lower following the 2061 g 
day71 regime than following the 465 g day71
regime on days 3 (73.4 g, s¼ 1.88), 4 (72.7 g,
s¼ 3.4), 5 (72.4 g, s¼ 1.3), 6 (72.7 g, s¼ 1.4), and
7 (72.0 g, s¼ 1.2). Mean total urinary creatine
excretion, on the five supplementation days (3 – 7),
was 49.3 g (s¼ 6.08) following the 2061 g 
day71 regime and 62.3 g (s¼ 5.4) following the
465 g day71 regime. The difference between
regimes (*13%, s¼ 7.0) was significant (t8¼
75.42, P5 0.001).
Supplementation with creatine monohydrate in
2061 g day71 doses for 5 days resulted in reduced
urinary creatine excretion, and thus an estimated
increase in creatine retention, when compared with
the supplementation regime of 465 g day71 doses
originally proposed by Harris et al. (1992: Clinical
Science, 83, 367 – 374). Smaller, more frequent doses
of creatine monohydrate or controlled release for-
mulations may be advantageous in that they increase
creatine retention in the short term and reduce
urinary excretion compared with the more traditional
doses.
Repeatability of blood glucose responses
to intermittent cycling under fasted conditions
A. L. Seims, A. L. Thomas, J. P. O’Hara,
C. B. Cooke, & R. F. G. J. King
Leeds Metropolitan University, UK
Blood glucose concentration during exercise has
been shown to influence performance, with research-
ers demonstrating differences in blood glucose after
carbohydrate ingestion (Coyle et al., 1986: Journal of
Applied Physiology, 61, 165 – 172). The purpose of
this study was to investigate the repeatability of blood
glucose responses on four separate occasions during
intermittent cycling.
Eight well-trained male cyclists (mean age 35.9
years, s¼ 7.8; body mass 75.5 kg, s¼ 7.6; _V O2max
54.3, s¼ 3.9 ml  kg71 min71) completed 65 min of
high-intensity cycling [TREK 1400 with SRM power
cranks (Ju¨lich, Germany) mounted on a Kingcycle
ergometer (High Wycombe, UK)]. The protocol
consisted of 20 min of incremental exercise followed,
by ten 90-s sprints separated by 180 s active recovery
(90% and 55% maximum aerobic power output
respectively) after an overnight fast, 30 min after the
consumption of a 1-litre placebo. Plasma glucose
concentration (PGlc) was measured in blood drawn
from the antecubital vein before placebo consump-
tion, at rest before exercise, during exercise at the
end of each increment, and during active recovery
before each sprint. The 95% limits of agreement
(LoA) for resting, nadir, and peak plasma glucose
concentration, and PGlc area under the curve during
exercise (AUC) were calculated.
Mean plasma glucose concentration at rest and
during all trials (Table I) was similar (ANOVA,
P¼ 0.962 and 0.291 respectively), a main effect of
time was observed, but there was no time6trial
interaction (ANOVA, P¼ 0.012 and P¼ 0.156 re-
spectively). Plasma glucose concentration remained
stable until the start of exercise, with no significant
difference observed between trials at the nadir and
peak values during exercise (ANOVA, P¼ 0.431 and
0.835 respectively). The AUC was similar between
trials (ANOVA, P¼ 0.414).
Plasma glucose concentration was less consistent
during exercise than at rest, with the greatest variability
being observed during intermittent exercise. The
overall plasma glucose concentration response also
exhibited large variability within individuals compared
with mean values. Therefore, caution should be
exerted when interpreting differences in blood glucose
between repeated intermittent exercise trials.
Evaluation of the testosterone-to-cortisol ratio
in ice hockey players during the World
Championships
U. Szmatlan-Gabrys1, E. Wozniak-Grygiel2,
A. Kochanska-Dziurowicz2, & A. Bijak2
1Academy of Physical Education, Warsaw and
2Medical University of Silesia Katowice, Poland
A reduction in the testosterone-to-cortisol ratio
indicates an intensification of catabolism and we
Table I. Plasma glucose concentration (mmol  l71) and AUC
(mmol  l71 min) during an intermittent cycling protocol
(mean+ s), including limits of agreement.
Trial Resting Nadir Peak AUC
1 5.01+0.41 4.55+0.35 6.19+0.62 25.10+ 36.62
2 4.99+0.37 4.29+0.52 6.24+0.82 31.14+ 51.91
3 5.04+0.37 5.60+0.55 6.34+1.02 26.28+ 46.86
4 5.01+0.27 5.20+0.34 6.11+0.74 12.54+ 32.45
LoA + 0.54 + 0.90 + 1.38 + 62.27
250 Abstracts
D
o
w
n
lo
ad
ed
 B
y:
 [
De
ak
in
 U
ni
ve
rs
it
y]
 A
t:
 0
0:
45
 3
 S
ep
te
mb
er
 2
00
9
thought it might have an influence on ice
hockey players’ performance capacity (Hoogeveen
& Zonderland, 1996: International Journal of
Sports Medicine, 17, 423 – 428). The aims of this
study were to determine the testosterone-to-
cortisol ratio in ice hockey players during match-
play and to examine the relationship between the
testosterone-to-cortisol ratio and ice hockey game
activities.
The research was approved by a bioethical
committee. Venous blood samples were taken
from 19 ice hockey players (mean age 17.9 years,
s¼ 0.6; body mass 80.3 kg, s¼ 5.1) before the
first match (16.00 h), immediately after it
(22.00 h), and after the second match (22.00 h)
played on the following day of the IIHFexpand
World U-20 Championships Division II of
Group A. To assess changes in plasma
volume, haematocrit was determined by micro-
method. Testosterone and cortisol concentrations
(nmol  l71) in serum were determined by radio-
immunoassay kits (TESTO-CT2 and CORT-
CT2 made by Schering) and counted using
an automatic gamma counter (Wallac-Wizard-
1470).
Mean plasma volume decreased but a signifi-
cant effect on the studied hormones was not
observed. The testosterone-to-cortisol ratio de-
creased in the group as a whole after both
matches (first match, before: mean 0.0604,
s¼ 0.018; first match, after: mean 0.0422,
s¼ 0.0099, P¼ 0.014; second match, before: mean
0.0734, s¼ 0.0176; second match, after: mean
0.0364, s¼ 0.0128, P¼ 0.017). During games, ice
hockey players perform physical efforts at different
intensities depending on the position they occupy.
No significant difference was observed in the
testosterone-to-cortisol ratios of forwards and
defenders. The players were also divided into
subgroups based on whether they scored or not
and whether they provided assists or not for goals.
A significant difference in the testosterone-to-
cortisol ratio was only found after the first match
between the groups of players who scored goals
and those who did not score (scorers: mean
0.0297, s¼ 0.0017; non-scorers: mean 0.0474,
s¼ 0.0082, P5 0.05). The variance of results
after the first and the second match could arise
because the matches were played consecutive
(Reilly & Ekblom, 2005: Journal of Sports Sciences,
23, 619-627).
Physical exercise and the scoring of goals during
World Championships matches cause a decrease in
the testosterone-to-cortisol ratio in ice hockey players
regardless of the position they occupy. However, the
athletes’ performance capacity in the next match was
not affected.
PART IV: PHYSIOLOGY
The effects of intermediate half-time massage
on second-half performance in rugby union
C. E. Baker
Durham University, UK
Players’ work rates in the third quarter of rugby
union matches are attenuated and the rate of
hamstring injuries is increased (Bathgate et al.,
2002: British Journal of Sports Medicine, 36, 265 –
269) owing to the reduction in muscle temperature
that occurs through the preceding half-time break
(Mohr et al., 2005: Journal of Sports Sciences,
23, 593 – 599). The aim of this study was to examine
the effects on second-half performance of utilizing
half-time massage to maintain muscle temperature
yet allow a beneficial reduction in core temperature.
After receiving institutional ethics approval, eight
male elite university rugby union players (mean age
20.5 years, s¼ 0.9; body mass 87.6 kg, s¼ 6.2;
height 1.81 m, s¼ 0.04) provided written informed
consent and underwent field-based testing consisting
of two Bangsbo Intermittent Endurance Tests
(Bangsbo, 1994: Fitness training in football. Bags-
vaerd: HOþStorm) separated by a 10-min simulated
half-time break. The participants rested during this
break in the control trial, replicating usual half-time
activity levels, and received massage to the ham-
strings (4 min on each leg) at a cadence of 52 bpm
over this period in the intervention trial. Lactate and
skin temperature were measured before and after
both tests using the Lactate Pro (Arkray Factories
Inc, Japan) and skin thermistors (EUS-U-VL1-0,
Grant Instruments, Cambridge UK) with a Squirrel
1000 series data logger (Grant Instruments, Cam-
bridge, UK) respectively. Ratings of perceived
exertion (RPE) and thermal stress were recorded
on the completion of each lap of each test and every
minute throughout the half-time break, using the 6 –
20 Borg Scale (Borg, 1982: Medicine and Science in
Sport and Exercise, 14, 377 – 381) and Thermal Stress
Scale (Gagge et al., 1967: Environmental Research, 1,
1 – 29) respectively. Equal variances were assumed
and all statistical analyses (t-tests) were undertaken
using Excel. Statistical significance was set at
P 0.05.
Ratings of perceived exertion for test 2 decreased
following massage (P5 0.001) and blood lactate
diminished over half-time (P5 0.05). Ratings of
perceived exertion at half-time was greater with
massage (P¼ 0.01), as was half-time thermal stress
(P¼ 0.001). An increase in mean skin temperature
was also exhibited during this time, whereas it
declined over this time in the control trial by an
average of 9% (P5 0.01).
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The results of this study suggest that half-time
massage may attenuate a reduction in skin tempera-
ture and reduce RPE in subsequent performance in
rugby union, potentially enabling enhanced perfor-
mance and an attenuated injury rate in accordance
with previous literature. Due to the impracticality of
such an intervention, alternative re-warming strate-
gies are worthy of further investigation as viable
alternatives to elicit similar outcomes.
The relationships between left ventricular
mass, _VO2peak, body mass index,
and moderate-to-vigorous physical activity
in 10- to 11-year-old schoolboys
L. M. Boddy, G. Stratton, K. George, A. F. Hackett,
R. Gobbi, C. Armitt, C. Kearney, N. Hopkins, &
D. Parnell
Liverpool John Moores University, UK
Increased left ventricular mass is associated with
body mass but is also associated with cardiovascular
morbidity and mortality (Gidding, 1998: Circulation,
97, 1893 – 1894). The aim of this study was to
investigate the impact of body mass index (BMI),
aerobic fitness ( _V O2peak), and moderate-to-vigorous
physical activity (MVPA) on left ventricular mass in
pre-pubertal schoolboys.
After receiving ethical approval, informed consent
was obtained from 29 individuals. Body mass index,
left ventricular mass, and _V O2peak assessments were
made in the laboratory. Physical activity measures
were completed over four consecutive days (Acti-
Graph uniaxial accelerometer, Model 7164, MTI
Health Services, FL, USA). The total percentage of
time spent in moderate-to-vigorous physical activity
(4885 counts per 15 s epoch) was used for analysis
(mean 34.4%, s¼ 5.1). Stature (Leicester Height
Measure) and body mass (SECA, Vogel & Halke,
Germany) were measured and BMI calculated (mean
20.4 kg m72, s¼ 5.7). Echocardiographic images
(Esoate Mylab 300V, Italy) of the left ventricle were
obtained and left ventricular mass was estimated
using the ‘‘cube formula’’ (Devereux et al., 1986:
American Journal of Cardiology, 57, 450 – 458). Left
ventricular mass index (LV mass/height2.7) was then
calculated (mean 37.2 g m72.7, s¼ 16.2). Aerobic
fitness ( _V O2peak) was estimated using a discon-
tinuous treadmill protocol and the Metamax
(Cortex, Germany) gas analysis system (mean
42 ml  kg71 min71, s¼ 10.8). Results of multiple
regression analysis (SPSS Inc., version 12.0,
Chicago, IL, USA), using left ventricular mass index
as the dependent variable, are shown in Table I.
Body mass index was the strongest predictor,
followed by _V O2peak, with moderate-to-vigorous
physical activity showing no significant association
with left ventricular mass index. These findings
suggest that BMI and fitness are more important in
terms of their impact on left ventricular mass than
moderate-to-vigorous physical activity, with in-
creased fitness associated with lower, and increased
BMI associated with higher, left ventricular mass.
Effect of environmental temperature on calf
volume during upper body exercise
L. M. Bottoms, R. J. Carson, & M. J. Price
Coventry University, UK
Calf skin temperature decreases during arm exercise
in cool conditions and increases in hot conditions
and has been suggested to reflect limb blood flow
responses (Price & Campbell, 2002: Journal of Sports
Sciences, 20, 519 – 527). However, calf volume
changes during arm exercise have only been reported
for cool conditions (Hopman et al., 1993: Journal of
Applied Physiology, 75, 2079 – 2083). Differences in
heat flow in cool and hot conditions could alter the
relationship between limb blood flow and skin
temperature changes. Therefore, the aim of the
present study was to examine the effect of environ-
mental temperature on calf volume and skin tem-
perature during upper body exercise.
Eight healthy, non-specifically trained males vo-
lunteered for the study, which had received uni-
versity ethics committee approval. Participants
undertook a preliminary incremental exercise test
to determine peak aerobic power on an arm crank
ergometer (Lode) and three further 30-min trials
(60% peak aerobic power; 70 rev min71) at
temperatures of 21, 27, and 338C. Rectal and skin
temperatures (calf, thigh, chest, upper arm, and
back) were recorded (Grant Instruments). Calf
volume and blood flow were measured using venous
Table I. Multiple regression analysis output.
r2 B Standard error of B b
Step 1 0.31
Constant 6.16 11.17
BMI 1.51 0.52 0.56**
Step 2 0.5
Constant 762.89 28.66
BMI 2.82 0.68 1.04**
_V O2peak 1.02 0.39 0.59*
Step 3 0.51
Constant 763.54 29.08
BMI 2.78 0.69 1.02**
_V O2peak 0.92 0.42 0.59*
MVPA 0.15 0.21 0.13
*P5 0.05; **P5 0.01.
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occlusion plethysmography (Hokanson) at rest,
immediately after exercise, and every 5 min during
30 min passive recovery.
Expired air analysis was undertaken using an
online breath-by-breath system (Metamax 3B).
Heart rate was monitored continuously (Polar
Accurex). The data were analysed using a two-
factor, repeated-measures analysis of variance
(time6environmental temperature).
At the end of exercise, heart rate was higher in the
33 than 218C trial (P5 0.05). Oxygen uptake did
not differ between trials (P4 0.05). During exercise,
calf volume decreased in all trials (71.78+1.21%,
72.30+0.89%, and 71.77+1.13% for 21, 27, and
338C respectively; P5 0.05), reaching a plateau by
15 min of exercise in all trials. The greatest decrease
occurred during the 278C trial. Blood flow increased
immediately at the end of exercise with no differ-
ences between trials (P4 0.05).
Calf skin temperature remained constant during
exercise in the 218C trial and increased during both
the 27 and 338C trials. Values decreased during
passive recovery in all trials (P50.05). The results
suggest a redistribution of blood from the relatively
inactive lower body during the initial 15 min of arm
exercise in environmental temperatures of 21, 27, and
338C. The greater decrease in calf volume during the
278C trial could reflect a different balance between
thermal and metabolic requirements of the calf.
The effect of different volumes of acute static
stretching on vertical jump performance
P. S. Bradley1, P. D. Olsen2, & M. D. Portas2
1University of Sunderland and 2University
of Teesside, UK
An accumulating body of literature indicates stretch-
ing prior to athletic movements could be detrimental
to performance where maximal strength and power
production is critical (Cornwell et al., 2002: European
Journal of Applied Physiology, 86, 428 – 434). How-
ever, the volume of stretching performed in previous
research is typically larger than that employed by
athletes before competition. The aim of this study
was to determine the effect of different volumes of
acute static stretching on vertical jump performance.
With institutional ethical approval, 18 male
recreational athletes (mean age 24.2 years, s¼ 2.3;
height 1.80 m, s¼ 0.1; body mass 78.0 kg, s¼ 6.4)
completed four stretching conditions 6 – 7 days
apart. Each session consisted of a 10-min warm-up,
followed by one of the four conditions: (1) control or
no stretching, (2) 5-min static stretching, (3) 10-min
static stretching, or (4) 15-min static stretching.
Stretching movements included assisted passive
stretching of the knee extensors, knee flexors, and
plantar flexors. The participants performed three
trials of static and countermovement jumps before
Figure 1. Summary of research design.
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and after stretching (POST, 5, 15, 30, 45, and
60 min). Conditions were randomly allocated with
the order of static and countermovement jumps
counterbalanced (Figure 1). Jump height and peak
power were determined using a force platform and
Bioware software (Kistler Instrument 9281CA,
Winterthur, Switzerland). The statistical design used
to analyse differences between conditions was a
three-way (jump type6stretch condition6time)
repeated-measures analysis of variance on jump
height and peak power. Pearson’s product – moment
correlation coefficients were calculated to determine
the association between selected measures.
A high correlation (r¼70.93, P50.01) was found
between the volume of stretching and jump perfor-
mance. Large decreases in jump height were observed
after the 10-min (11%, P50.05) and 15-min
stretching conditions (13%, P50.01) compared with
the control. However, only a relatively small decrease
in jump height occurred after 5 min of stretching (5%,
P40.05). Comparisons between conditions indi-
cated decrements in peak power in the 5-min
(9.5%, P50.05), 10-min (13.8%, P50.01), and
15-min conditions (15.4%, P50.01) relative to the
control. In all stretch conditions, jump height and
peak power had fully recovered after 15 min.
The results of this study demonstrate that a
moderate volume of static stretching (2 – 6 repeti-
tions per muscle group) can adversely affect vertical
jump performance for up to 15 min with recreational
athletes. In particular, the results indicate that the
greater the volume of stretching, the larger the
decrease in jump height and power.
Physiological responses and perceived exertion
during international taekwondo competition
C. A. Bridge1, B. Drust2, & M. A. Jones1
1Edge Hill College, Ormskirk and 2Liverpool John
Moores University, UK
Relatively little is known about the physiological
responses and perceived exertion during interna-
tional taekwondo competition. A greater under-
standing of these competition demands will allow
coaches to optimize sport-specific training pro-
grammes (Heller et al., 1998: Journal of Sports
Sciences, 16, 243 – 249). Consequently, the purpose
of the present study was to evaluate the physiological
responses and perceived exertion during interna-
tional taekwondo competition.
Eight male taekwondo black belts (mean age 22
years, s¼ 4; body mass 69.4 kg, s¼ 13.4; stature
1.82 m, s¼ 0.1; experience 12 years, s¼ 5) took part
in an international competition. After receiving
institutional ethics approval, heart rate was recorded
continuously at 5-s intervals during 12 combats
(Polar team-system). Blood samples for lactate
determination were drawn 1 min before competi-
tion, directly after each round, and 1 min post-
competition (Lactate Pro). Ratings of perceived
exertion (RPE) were recorded for each round at
the end of the combat (Borg 6 – 20 scale). The results
are shown in Table I.
Repeated-measures analysis of variance identified
significant differences in heart rate (F1,14¼ 39,
P5 0.01), blood lactate concentration (F3,33¼ 104,
P5 0.01), and RPE (F1,13¼ 19, P5 0.01) responses
between rounds. Post-hoc analysis revealed that heart
rate (P¼ 0.047) and RPE (P5 0.01) increased
significantly between rounds 1 and 3 exclusively.
Blood lactate concentration increased significantly
from rest to rounds 1 and 2 (P5 0.01).
Competition placed high demands on both aerobic
and anaerobic metabolism. Heart rate oscillated
close to maximum, implying high cardiorespiratory
strain. Blood lactate concentration increased across
rounds, suggesting that lactate production through
anaerobic glycolysis exceeded removal. Athletes’
perception of effort increased in response to greater
cardiovascular strain; however, these responses were
substantially lower than anticipated. The physiologi-
cal responses reported in this study were comparable
to those reported in previous research (e.g. Heller
et al., 1998). Therefore, training should include
high-intensity efforts, which effectively stimulate
both the aerobic and anaerobic energy systems.
The reproducibility of loaded marching
economy using two different gas analysis
systems
P. E. H. Brown1,2, J. L. Fallowfield3,
D. M. Wilkinson4, & J. L. J. Bilzon1
1Headquarters Army Training and Recruiting Agency,
2University of Chichester, 3Institute of Naval Medicine
and 4Optimal Performance Limited, UK
Differences in exercise economy can explain varia-
tion in running performance; however, the influence
Table I. Physiological responses and perceived exertion during
taekwondo competition (mean+ s).
Heart rate
(beats 
min71)
%
Maximal
heart rate
Blood lactate
(mmol  l71)
RPE
(6 – 20 scale)
Round 1 175+15 89+ 8 7.5+1.6 11+2
Round 2 183+12 93+ 6 10.4+2.4 13+2
Round 3 187+8 96+ 5 11.9+2.1 14+2
Mean 182+6 93+ 3 9.9+2.3 13+2
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of economy on loaded marching performance is
unknown. In the past, physical training interventions
have produced both modest and equivocal improve-
ments in economy (Jones & Carter, 2000: Sports
Medicine, 29, 373 – 386). Thus detecting such small
changes in economy requires reliable instrumenta-
tion. The purpose of this study was to assess the
reproducibility of loaded marching economy with
two different gas analysis systems.
After receiving institutional ethical approval, 12
recreationally active males (mean age 28.3 years,
s¼ 7.1; _V O2max 51.1 ml  kg71 min71, s¼ 4.2)
marched on a treadmill for 48 min on two separate
occasions. Wearing training shoes and lightweight
British Army clothing, the participants marched at
6.5 km  h71 with four randomly applied loads (0,
15, 20, and 25 kg). All loads were carried in an
Army-issue bergen and webbing. Expirate was
collected and analysed using Douglas bag (Dry Gas
meter, Harvard Apparatus Ltd, Edenbridge, UK;
Series 1400; Servomex plc, Crowborough, UK) and
automated (VMax 29, Sensormedics, California,
USA) approaches, during minutes 4 – 6 and 7 – 9 of
each stage. The results are presented in Table I.
The reproducibility of loaded marching economy
( _V O2) was comparable between systems (15.4 vs.
14.6%). However, removal of one outlying partici-
pant (4 data points) improved the reproducibility of
economy with Douglas bags more than two-fold
(15.4 vs. 6.9%). Some improvements in economy
occurred between consecutive visits during Douglas
bag (P¼ 0.00) and automated (P5 0.01) analyses.
Substantial 95% limits of agreement in both
measurement systems means the likelihood of
detecting small improvements in loaded marching
economy in future research is reduced. However,
this may be an artefact of using a small sample size
for repeated, not independent, observations within
limits of agreement analysis. Evidence is presented to
suggest that the Douglas bag system is twice as
reliable as the automated system, which would be
sufficient to detect small improvements in loaded
marching economy.
Recovery duration of the effects of prior
heavy exercise on oxygen uptake kinetics
during heavy exercise
M. Burnley1, J. H. Doust2, & A. M. Jones3
1University of Wales, Aberystwyth, 2University of
Brighton and 3University of Exeter, UK
Prior heavy exercise (performed above the gas
exchange threshold) markedly alters the pulmonary
oxygen uptake ( _V O2) response to subsequent heavy
exercise. Specifically, during a bout of heavy exercise
performed several minutes after an exercise-induced
elevation in blood lactate concentration, the primary
_V O2 amplitude is increased and the slow component
amplitude is reduced (Burnley et al., 2002: Journal of
Applied Physiology, 93, 167 – 174). The duration of
recovery required for the _V O2 responses to return to
their control profile is not known. The purpose of the
present study was to test the hypothesis that prior
heavy exercise would increase the primary _V O2
amplitude, and that this effect would decay with
a similar time course to that of blood lactate
concentration.
After receiving institutional ethics approval, nine
males completed two 6-min bouts of constant-
intensity heavy cycle exercise (Lode Excalibur Sport,
Groningen, The Netherlands) separated by 10, 20,
30, 45, or 60 min of passive recovery. The power
output chosen for heavy exercise was designed to
elicit 70% of the difference between the pre-
determined maximum _V O2 and gas exchange
threshold. Pulmonary gas exchange was measured
breath-by-breath throughout all exercise tests (Jaeger
Oxycon Pro, Hoechberg, Germany), and a fingertip
blood sample was taken 1 min before and immedi-
ately after exercise to determine whole blood lactate
concentration (YSI Stat 2300, YSI, OH). The
second-by-second _V O2 responses were modelled
using non-linear regression.
Prior heavy exercise had no effect on the primary
_V O2 time constant (from mean 25.9 s, s¼ 4.7 to
mean 23.9 s, s¼ 8.8 after 10 min recovery; P¼
0.338), but increased the primary _V O2 amplitude
(from mean 2.42 l min71, s¼ 0.39 to 2.53 l min71,
s¼ 0.41 after 10 min recovery; P¼ 0.001) and
reduced the _V O2 slow component (from 0.44 l 
min71, s¼ 0.13 to 0.21 l min71, s¼ 0.12 after
10 min recovery; P5 0.001). The increased pri-
mary amplitude was also evident after 20 – 45 min,
but not after 60 min, of recovery. The increase in
the primary _V O2 amplitude was accompanied by
an increased baseline blood lactate concentration
(to 5.1 mmol  l71, s¼ 1.0 after 10 min recovery;
P5 0.001). The lactate and _V O2 responses de-
cayed with similar kinetics (time constant of about
Table I. Loaded marching economy using ratio limits of
agreement [bias (%)+95%] (n¼ 12).
Variable Douglas bag
Sensormedics
VMax29
Douglas
bag
(outlier
removed)
_V E STPD (l min71) 70.4+ 21.5 2.5+19.8* 1.1+13.9
_VO2 (l min71) 0.2+ 15.4 2.7+14.6* 2.2+6.9*
_VCO2 (l min71) 0.6+ 13.0 3.0+18.6* 1.7+10.8*
VE¼minute ventilation; _VO2¼oxygen uptake; _V CO2¼ carbon
dioxide expired. *P50.05.
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14 – 15 min) and were strongly correlated across
recovery durations (r¼ 0.98, P¼ 0.003).
The present results suggest that the effect of prior
heavy exercise is associated with the baseline blood
lactate concentration, both in magnitude and recov-
ery time course, and that the _V O2 response profiles
remain altered for at least 45 min after the initial
heavy exercise bout.
The effect of feedback and information on
children’s pedometer step counts at school
Z. Butcher, S. Fairclough, & G. Stratton
Liverpool John Moores University, UK
The benefits of physical activity in children have been
clearly established with the school setting identified as
a key environment for physical activity promotion.
Resources and initiatives have been developed that
use pedometers to encourage physical activity
throughout the school day. Pedometer recorded steps
can provide physical activity feedback, which may help
motivate children to maintain and improve their
activity levels. This study examined whether feedback,
or feedback plus physical activity information, could
increase the number of pedometer steps taken during
the school day over one school week. After-school
physical activity was not examined.
After receiving institutional ethics approval and
parental consent, 177 students (mean age 9.1 years,
s¼ 1.1) in three elementary schools participated.
Schools were randomly assigned to control (n¼ 39),
feedback (n¼ 52), or feedback plus information
(n¼ 50) groups. The children wore pedometers
during school time for five consecutive weekdays.
The total steps of the groups were recorded at the
end of each school day, with students in the feedback
and feedback plus information groups free to view
their step count. In addition, the feedback plus
information group received information and ideas
about how they could increase their daily steps. The
control group received no step count feedback or
information. Students in the feedback plus informa-
tion group achieved significantly more steps per
minute (mean 17.2, s¼ 4.9) than those in the
feedback (mean 13.8, s¼ 4.1; P¼ 0.003) and control
groups (mean 12.4, s¼ 3.1; P¼ 0.0001).
The results of this study show that pedometers can
provide feedback to facilitate a short-term increase in
students’ pedometer steps during the school day.
Feedback from pedometers alone was not sufficient
to elicit a statistically significant increase in steps and
it is likely that providing additional physical activity
information can avoid intervention fatigue. Simple
strategies such as the one used in this study can be
applied to increase children’s physical activity in
school settings. However, a longer intervention
period is necessary to assess the sustained impact of
this type of approach.
Effect of different nutritional supplements
on recovery following exercise-induced
muscle damage
E. Cockburn1, P. R. Hayes1, & D. N. French2
1Northumbria University and 2English Institute
of Sport, UK
Exercise-induced muscle damage leads to reduced
exercise performance resulting from decreased
force production, the recovery of which has been
found to take up to 7 days (Byrne & Eston, 2002:
Journal of Sports Sciences, 20, 951 – 959). Protein
degradation, due to increased protein breakdown
and/or transient decreases in protein synthesis, has
been implicated as the cause of this decreased force
production (Warren et al., 2001: Exercise and Sport
Sciences Reviews, 29, 82 – 87). Protein ingestion has
been found to induce an anabolic response in muscle
following resistance exercise (Tipton et al., 2004:
Medicine and Science in Sports and Exercise, 36,
2073 – 2081). Therefore, the purpose of this study
was to investigate the effects of milk, water, and a
high carbohydrate/protein sports drink on recovery
following exercise-induced muscle damage.
After receiving institutional ethical clearance, 18
male student athletes (mean age 21 years, s¼ 2) were
matched into three groups of six (milk, water,
carbohydrate/protein). Participants had venous
blood taken for creatine kinase analysis, completed
a visual analogue scale for muscle soreness, and
performed six concentric leg extension/flexions on
three consecutive days. Following baseline measures
on day 1, the participants completed six sets of 10
repetitions of eccentric/concentric leg flexions on
each leg at 1.05 rad  s71 to induce hamstring muscle
damage, followed by the consumption of their
allocated nutritional supplement.
Creatine kinase was not significantly different
between groups (F2,15¼ 0.811; P¼ 0.463). Muscle
soreness (F2,15¼ 2.950; P¼ 0.083), mean power
output (F2,13¼ 3.289; P¼ 0.070), total work
(F2,13¼ 2.284; P¼ 0.141), and set total work
(F2,13¼ 2.342; P¼ 0.135) were also not different.
Effect sizes for the change between day 2 and day 3
for water, milk, and the carbohydrate/protein drink
were calculated. The effect sizes were 0.6, 0.2, and
0.0 respectively for creatine kinase; 2.0, 0.6, and 1.0
respectively for muscle soreness; 1.2, 0.4, and
0.1 respectively for mean power output; 1.2, 0.3,
and 0.1 respectively for total work; and 1.1, 0.2, and
0.2 respectively for set total work.
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The results indicate that although there were no
significant differences between groups, effect sizes
demonstrated a trend towards enhanced recovery
characteristics following post-exercise protein sup-
plementation with milk or a high carbohydrate/
protein sports drink. These subtle changes could
have an impact at a physiological level. No differences
were observed between milk and the sports drink.
A physiological comparison of two
inter-county hurling teams
K. Collins1, T. Reilly1, D. MacLaren1, & S. Reeves2
1Liverpool John Moores University and 2Roehampton
University, UK
The game of hurling entails intermittent exercise,
requiring players to compete in a challenging contest,
comprising intense bouts of activity separated by
short bouts of lower-intensity activity (Reilly, 2000:
In Endurance in sport, edited by R. J. Shephard &
P. O. A˚strand. Oxford: Blackwell). The physiologi-
cal demands of the game require players to be
competent in several aspects of fitness, including
aerobic and anaerobic power, muscle strength,
flexibility, and agility. It is not known which of
these factors distinguish top hurling teams from less
successful ones. The main aim of this study was to
investigate the anthropometric and performance
characteristics of inter-county hurlers with a view
to identifying measures associated with successful
teams.
Players from two teams, Wexford (n¼ 18) and
Dublin (n¼ 23), were tested during the champion-
ship phase of the competitive season. The Wexford
team was more successful, whereas Dublin did not
qualify for the knock-out stage of the championship
and was deemed to be unsuccessful.
Percent body fat was estimated from skinfold thick-
ness measures at four sites (Durnin & Womersley,
1974: British Journal of Nutrition, 21, 681 – 688);
grip strength of the right and left hands was assessed
using a grip dynamometer (Takei, Japan); vertical
counter-movement jump was measured using a
Newtest contact mat (Newtest, Finland); broad jump
was measured using a graded mat; maximal speed
was measured over 20 m, timing gates being located
at 5, 10, and 20 m (Newtest, Finland); aerobic power
was estimated using the Multi-Stage Fitness Test
(MSFT) (Ramsbottom et al., 1988: British Journal of
Sports Medicine, 22, 141 – 144); maximum heart rate
was determined during the MSFT using a Polar
Team System heart rate monitor (Polar Ltd, London,
UK). Table I lists the characteristics of the hurlers.
Significant differences between hurling teams were
identified using unpaired t-tests.
Wexford hurlers were on average older and
consequently more experienced than their less
successful counterparts. This difference may reflect
the current development of young talent within
Dublin rather than age as a key component of suc-
cess. Age alone is not a mitigating factor in playing at
the elite level as is experience and its variance within
teams. Nevertheless, a certain level of experience
must be a factor in success.
Except for the estimate for maximal oxygen
consumption ( _V O2max) and the 5-m sprint time,
the anthropometric and performance characteristics
did not differ significantly between teams. The
successful hurlers attained a significantly higher
_V O2max than their less successful counterparts
(Table I), suggesting that aerobic training is as
important in this sport as anaerobic conditioning.
In conclusion, this structured comparison suggests
that success may be linked to experience of playing
inter-county hurling and that aerobic power of
hurlers is important at the elite level of play.
Influence of temperature and protocol
on the calibration of the Computrainer
electromagnetically braked cycle ergometer
R. C. R. Davison1, J. Corbett1, & L. Ansley2
1University of Portsmouth and 2Kingston University,
UK
The Racer Mate Computrainer is an increasingly
popular ergometer for individual cyclists and sport
Table I. Anthropometric and performance characteristics of the
two hurling teams.
Wexford Dublin
Variable Mean s Mean s
Age (years) 27.2* 2.7 23.0* 3.4
Stature (m) 1.79 0.06 1.83 0.06
Body mass (kg) 80.0 6.9 81.2 8
Body mass index (kg m72) 24.8 1.6 24 1.7
Body fat (%) 13.0 1.4 12.4 2.1
Right grip (kg) 56.6a 5.1 57.1# 6
Left grip (kg) 54a 5.4 54.7# 5.5
Counter-movement jump (cm) 47.14 3.24 47.29 6.29
Broad jump (m) 2.47 0.15 2.54 0.2
Sprint, 5 m (s) 1.01* 0.02 0.99* 0.04
Sprint, 10 m (s) 1.75 0.03 1.77 0.04
Sprint, 20 m (s) 3.02 0.04 3.03 0.07
Estimated _V O2max
(ml  kg71 min71)
58.04* 2.64 55.59* 2.61
Max. heart rate (beats min71) 195 5 197 8
*Significant difference, Wexford vs. Dublin, P50.05. aSignificant
difference, Wexford right grip vs. left grip, P50.05. #Significant
difference, Dublin right grip vs. left grip, P50.05.
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science laboratories. However, there is little
information on the characteristics and validity
of the Computrainer calibration procedure. The
aim of this study was to investigate the calibra-
tion procedure at a range of environmental
temperatures.
A standard bicycle with an SRM training system
was attached to a Computrainer ergometer. All
tests were performed in an environmental chamber
set at 15, 20, 28, or 388C, with at least 2 h for
equipment stabilization before any testing. After
recording the laboratory conditions and checking
tyre pressure, the ergometer was accelerated to
40 km  h71 and allowed to decelerate (according to
the manufacturer’s instructions), recording the
calibration pressure. The investigator then pedalled
at 200 W and about 90 rev min71 for 2 min before
repeating the calibration acceleration. This process
was repeated a further three times. The cyclist then
cycled for a further 2 min at 200 W for a direct
comparison with the SRM training system. After
10 min rest, this process was repeated at seven
random calibration values at each temperature.
The data were analysed by repeated-measures
analyses of variance and a Pearson product – moment
correlation.
At all temperatures there was a significant
(P5 0.01) decline in calibration pressure after
the first 2 min of riding before reaching a
plateau, so that in all conditions there was no
further decline after 6 min of riding. However, at
388C the decline in calibration pressure was
much smaller and a plateau was achieved
after 2 min. The magnitude of the decline in
calibration pressure was significantly correlated
with the magnitude of the initial pressure
(r¼ 0.851, P5 0.05). Comparison with the SRM
revealed the Computrainer was underestimating
the intensity by 5.5 – 1.2 W (95%CI), with a
range of 79 to 18 W. This difference was influ-
enced by temperature, with the two lower tem-
peratures (15 and 208C) being significantly
greater than both of the higher temperatures (28
and 388C).
Overall, the differences in the Computrainer
and SRM values were small (55 W) in the
repeated trials across this wide range of tempera-
tures; however, it is important to understand the
impact of both calibration procedure and tempera-
ture on the calibration process to enhance the
reliability and validity of the Computrainer data.
Based on our results, we would recommend that
investigators use repeated 2-min bouts at 200 W
until the calibration value has reached a plateau,
which should occur in 2 – 6 min depending on the
laboratory temperature.
Does prior 1500-m swimming affect cycling
energy expenditure in well-trained triathletes?
A. Delextrat1, J. Brisswalter1, C. Hausswirth2,
T. Bernard1, & J.-M. Vallier1
1University of Toulon-Var, La Garde and 2National
Institute of Sport and Physical Education, Paris, France
Few researchers have assessed the effects of swim-
ming on the subsequent cycle part of a triathlon, and
the results have been contradictory. Laursen et al.
(2000: European Journal of Applied Physiology, 83,
28 – 33) showed no differences in physiological
measures during a 3-h cycling trial when the trial
was performed alone or after a 3000-m swim at a
competition pace. In contrast with these results,
others observed significant effects of a 750-m swim
on power output (717%) and gross efficiency (from
mean 16.0%, s¼ 1.7 to mean 13.2%, s¼ 1.5) during
subsequent cycling (Kreider et al., 1988: Medicine
and Science in Sports and Exercise, 20, 385 – 390;
Delextrat et al., 2003: Medicine and Science in Sports
and Exercise, 35, 1612 – 1619). It would appear that
the effect of swimming depends on the duration and
intensity of the exercises, with shorter and more
intense events leading to performance alteration.
However, no study has focused on the Olympic
distance triathlon, although it involves an increasing
number of contestants and has been the object of
many studies in the context of the cycle-to-run
transition (e.g. Schabort et al., 2000: Medicine and
Science in Sports and Exercise, 32, 844 – 849). The
purpose of this study was to determine the effects of a
1500-m swim on energy expenditure during a
subsequent cycle task.
Eight well-trained male triathletes (mean age 26.0
years, s¼ 5.0; height 1.80 m, s¼ 0.05; body mass
71.3 kg, s¼ 5.8; _V O2max 71.9 ml  kg71 min71,
s¼ 7.8) volunteered to take part in this study, and
provided written consent before testing. The study
was also approved by the local ethics committee of
Saint-Germain-en-Laye (France). The participants
underwent two test sessions in a counterbalanced
order. The tests consisted of a 30-min ride on the
cycle ergometer at 75% of maximal aerobic power,
and at a pedalling frequency of 95 rev min71,
preceded either by a 1500-m swim at 1.20 m  s71
(SC trial) or by a cycling warm-up at 30% of
maximal aerobic power (C trial). Pulmonary and
metabolic data were collected between minutes 3
and 5, and between minutes 28 and 30, of cycling
using the Cosmed K4RQ telemetric system.
The results indicated a significantly lower gross
efficiency (13.0%) and significantly higher blood
lactate concentration (56.4%), oxygen consumption
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(5.0%), heart rate (9.3%), minute ventilation
(15.7%), and RF (19.9%) in the SC compared with
the C trial after 5 min (P5 0.01). After 30 min, only
minute ventilation (7.9%) and blood lactate con-
centration (43.9%) were significantly higher in the
SC than the C trial (P5 0.05).
The results show the detrimental effects of
swimming physiological responses at the start of the
cycling part of an Olympic-distance triathlon, but not
after 30 min. It highlights the need to include swim-
to-cycle trials in the triathletes’ training sessions.
The reliability of non-motorized treadmill
sprint performance
M. Doherty1, M. G. Hughes2, & H. Toms3
1University of Wolverhampton, 2University of Wales,
Cardiff and 3University of Luton, UK
The purpose of this study was to determine the
same-day and day-to-day reliability of a sprint
procedure using a non-motorized treadmill. After
receiving ethical approval, 15 active but non-sprint-
trained participants (11 females, 4 males; mean age
21.0 years, s¼ 0.8; body mass 68.4 kg, s¼ 14.7)
performed two sprint tests from a standing start
(2615-s sprint with 10-min rest between sprints) on
two separate occasions. Testing was performed on a
Woodway non-motorized treadmill (Model A/B,
Weil am Rhein, Germany). The participants wore a
harness that was connected via a non-elastic tether to
a wall-mounted strain gauge on an adjustable
bracket. Treadmill speed was monitored using a
small, spring-loaded generator mounted onto the
underside of the treadmill belt. The hardware and
accompanying data acquisition software were from a
commercially available non-motorized treadmill er-
gometry system (Dragforce, Bratislava, Slovakia).
Speed and force were sampled at a rate of 10 Hz
throughout each sprint, and the peak values obtained
in a single second were obtained. Performance was
compared across the same day as well as the two
visits (Day 1: T1 and T2; Day 2: T3 and T4) using a
repeated-measures analysis of variance (SPSS ver-
sion 10.0, Chicago, IL) and dedicated reliability
software (sportsci.org/resource/stats/xrely.xls).
There were no significant differences between
trials or visits for either velocity (T1, mean
5.1 m  s71, s¼ 0.78; T2, mean 5.04 m  s71, s¼
0.73; T3, mean 5.01 m  s71, s¼ 0.87; T4, mean
5.12 m  s71, s¼ 0.73; P¼ 0.59) or force (T1, mean
118 N, s¼ 29.8; T2, mean 112 N, s¼ 26.6; T3,
mean 116 N, s¼ 26.3; T4, mean 113 N, s¼ 24.4;
P¼ 0.70). However, the coefficients of variation
(CV) and intra-class correlation coefficients (ICC)
from log-transformed data revealed that peak velocity
was more reliable than peak force (CV range¼ 4.1 –
5.7% and ICC range¼ 0.85 – 0.94 for velocity;
CV range¼ 12.4 – 18.8% and ICC range¼ 0.42 –
0.67 for force).
These findings mirror those obtained by Tong
et al. (2001: Journal of Sports Sciences, 19, 289 – 297).
In addition, the results showed that for peak
velocity: (1) 10 min recovery between sprints
was sufficient for reproducible results and (2) day-
to-day reliability was equally as good as same-day
reliability. In conclusion, the findings from this study
of non-motorized treadmill sprint performance sug-
gest that velocity, but not force, is a reliable measure-
ment in active but non-sprint-trained participants.
The relationship between RPE and EMG
during resistance exercise
M. Duncan1, Y. Al-Nakeeb1, & J. Scurr2
1Newman College of Higher Education and 2University
of Portsmouth, UK
A link is presumed between physiological, perceptual,
and performance effort continua (Robertson &
Noble, 1997: Exercise and Sports Science Reviews, 25,
407 – 452) and although the perceptual – physiologi-
cal link has been examined, using ratings of perceived
exertion (RPE) during cardiovascular-based exercise,
less research has examined this during resistance
exercise (Lagally et al., 2002: Medicine and Science in
Sports and Exercise, 34, 552 – 559). Lagally et al.
(2002) reported that RPE for the overall body and
RPE for active muscle were significantly higher for
resistance exercise at 90% than at 30% one-repetition
maximum (1-RM), but there was no significant
relationship between RPE and electromyography
(EMG). They concluded that further research is
needed to clearly define the relation between RPE
and EMG. Therefore, this study was designed to
examine the relationship between RPE and EMG
during resistance exercise.
After receiving ethical approval and informed
consent, 20 volunteers (10 males, 10 females; mean
age 22.2 years, s¼ 3.1) performed one set of leg
extension exercise at 30%, 60%, and 90% of 1-RM
in a randomized order. Total work was held constant
by varying the number of repetitions during each
intensity. The RPE responses were assessed using
the Borg 6 – 20 scale (Borg, 1970: Scandinavian
Journal of Rehabilitation Medicine, 2, 92 – 98) for both
the active muscle (RPE-A) and the overall body
(RPE-O) following each intensity. The EMG activity
was recorded from the vastus lateralis, vastus
medialis, and rectus femoris via an on-line,
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ME3000 system (MEGA Electronics, LTD,
Finland). Pearson’s product – moment correlations
were used to assess the relationship between EMG
and RPE. A two-factor (RPE region6intensity)
repeated-measures analysis of variance (ANOVA)
was used to examine differences in RPE across
intensities. One-way ANOVA was used to examine
changes in EMG across intensities.
The results indicated significant, positive relation-
ships between RPE-A and EMG at the rectus
femoris, vastus lateralis, and vastus medialis (all
P¼ 0.01). Similar relationships were also evident
for RPE-O and EMG at the rectus femoris,
vastus lateralis, and vastus medialis (all P¼ 0.01).
A significant RPE (region)6intensity interaction
(F2,76¼ 18.26, P¼ 0.01) was also evident. Both
RPE-A and RPE-O increased with exercise
intensity but RPE-A was higher than RPE-O across
exercise intensities. The EMG activity increased
significantly with exercise intensity in the rectus
femoris, vastus lateralis, and vastus medialis (all
P¼ 0.01).
Our results suggest that RPE might be useful
for regulating resistance training intensity. Unlike
previous studies (e.g. Lagally et al., 2002), muscle
activity was significantly, positively related to RPE-A
and RPE-O during bouts of resistance exercise at
different intensities. The RPE-A was also higher
than RPE-O across exercise intensities, possibly
due to more focused sensations of discomfort
and strain in the active muscles compared with the
overall body.
Lower limb tissue mass and physiological
determinants of endurance running
performance
N. Dunman1, C. Pedlar1, K. van Someren1,
L. Dimitriou2, & K. Cooke2
1English Institute of Sport and 2Middlesex University,
UK
Elite endurance runners are conspicuously limited in
body mass and it has long been hypothesized that
slender legs are advantageous as the energy cost
when running is a function of leg mass (Larsen,
2003: Comparative Biochemistry and Physiology, 136,
161 – 170). The effect of lower limb tissue mass
distribution on running economy has been demon-
strated, indicating that it is beneficial for musculature
to be concentrated proximally and lightened distally
(Myers & Steudal, 1985: Journal of Experimental
Biology, 116, 363 – 373). However, lower limb tissue
mass distribution and its relationship to the physio-
logical characteristics of elite endurance runners
have not been investigated. Dual-energy X-ray
absorptiometry (DEXA) is used to assess body
composition, measuring lean mass, fat mass, bone
mineral content, and providing segmental analysis.
The purpose of this study was to examine the
relationship between physiological determinants of
endurance running and lower limb tissue mass and
tissue mass distribution.
After receiving institutional ethics approval, 14
female (mean age 21.5 years, s¼ 4.6; height 1.68 m,
s¼ 0.04; body mass 53.2 kg, s¼ 4.0; _V O2max
62.5 ml  kg71 min71, s¼ 3.4) and 6 male (mean
age 22.8 years, s¼ 3.5; height 1.84 m, s¼ 0.08;
body mass 67.9 kg, s¼ 8.5; _V O2max 70.2 ml  kg71 
min71, s¼ 5.2) endurance runners (800-m to
10,000-m events) were scanned using DEXA (pencil
beam, Lunar DPX-L series). The right leg was
divided into two segments (upper and lower leg)
using anatomical landmarks. Running economy,
_V O2max, and the velocity at _V O2max (v- _V O2max)
were assessed using a standard graded laboratory
treadmill protocol. Relationships between lower limb
body composition values and physiological variables
were evaluated using correlation analyses.
The total tissue mass of combined segments was
significantly correlated with absolute (P5 0.05) but
not relative values of _V O2max (males, r¼ 0.89;
females, r¼ 0.58) and running economy (males,
r¼ 0.89; females, r¼ 0.63). Tissue mass distribu-
tion (upper/lower segment) was not significantly
correlated with _V O2max or running economy; how-
ever, correlations between tissue mass distribution
(total and lean) and v- _V O2max were significant in
males (total, r¼ 0.89, P¼ 0.017; lean, r¼ 0.95,
P¼ 0.003).
The finding that v- _V O2max was correlated with
tissue mass distribution ratio in males demonstrates
that muscle mass distribution is related to the
physiological determinants of endurance running
performance. This is in line with previous research
and demonstrates a novel application for DEXA
contributing to the understanding of endurance
running performance.
Accuracy of pedometers in individuals with
neurological conditions
C. Elsworth1,2, H. Dawes1, R. Ramsbottom1,
J. Collett1, A. Dennis1, C. Sackley2, & D. Wade3
1Oxford Brookes University, 2University of
Birmingham and 3Oxford Centre for Enablement, UK
Pedometers have been used successfully in a range of
populations to encourage physical activity (Tudor-
Locke et al., 2004: Sports Medicine, 34, 281 – 291;
Cyarto et al., 2004: Medicine and Science in Sports and
Exercise, 36, 205 – 209).
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To date, there is little published data on the utility
of pedometers in individuals with neurological
conditions. However, there is increasing evidence
to suggest individuals with such conditions could
benefit from increased activity levels (Le Masurier
et al., 2003: Research Questions in Exercise and Sport,
74, 389 – 394). The validity of using pedometers in
neurological populations has not been previously
established. Expensive systems (i.e. step activity
monitors) have been shown to be accurate and
reliable but are not suitable for widespread clinical
use. Therefore, the purpose of the present study was
to assess the accuracy of pedometers in individuals
with a range of neurological conditions at slow
walking speeds and in healthy individuals at both
slow and self-selected walking speeds.
Fifteen healthy adults (mean age 28 years, s¼ 12)
and 15 adults with neurological conditions (5 stroke,
5 multiple sclerosis, 5 muscular dystrophy; mean age
48 years, s¼ 11) consented to participate in the
study, which had university ethical approval. Indivi-
duals were asked to walk for 2 min round a 16-m
indoor track, at self-selected walking speed while
wearing a pedometer (YAMAX Digiwalker, SW-
200) on the right hip. Healthy individuals were asked
to repeat the 2-min walk at a slow walking speed.
While the participants were walking, a researcher
measured step counts using a manual step counter
(MTC-001, ENM, UK).
In healthy individuals, there were no differences
between measured (mean 226, s¼ 11) and ped-
ometer counts (mean 229, s¼ 13) at self-selected or
slow walking speeds (measured vs. pedometer: mean
168, s¼ 16 vs. mean 38, s¼ 39). In contrast for
adults with neurological conditions, there was a
significant difference (t¼74.273) between mea-
sured (mean 177, s¼ 33) and pedometer counts
(mean 107, s¼ 57) (P¼ 0.001).
Altered gait patterns in neurological populations
may be responsible for the difference in step counts
(measured vs. pedometer) rather than slow walking
speeds per se. Given the results of the present study,
pedometers may not be suitable as a ‘‘tool’’ to
encourage activity levels within neurological popula-
tions. Further studies are warranted using larger
sample sizes.
The effects of blood handling on extracellular
Hsp72 concentration following high-intensity
exercise
M. B. Fortes & M. Whitham
University of Wales, Bangor, UK
The recent detection of the 70k-Da heat shock
protein (Hsp72) in the peripheral circulation of
humans has prompted much research into its
potential systemic role. Intracellular Hsp72
performs vital roles such as binding to and
re-folding aggregated proteins. Accordingly, we
hypothesized that plasma-derived Hsp72 concentra-
tions would be greater than serum-derived
Hsp72, due to the aggregation of proteins involved
in blood clotting. The purpose of this study was
to investigate the differential effect of blood collec-
tion specimen tubes on post-exercise Hsp72
concentration.
After receiving local ethical approval, nine recrea-
tionally active males (mean age 27.6 years, s¼ 2.9;
estimated _V O2max 54.3 ml  kg71 min71, s¼ 6.3)
participated in the study. Following a peak-power
output test and a 40-min time-trial cycling at 80%
peak power output in a hot environment (34.68C),
venous blood was collected by venepuncture into
four different specimen tubes (BD Vacutainer,
Oxford, UK): two serum tubes [one left to clot on
ice for 1 h (SI), the other at room temperature (SR)]
and two plasma tubes [one coated in lithium heparin
(LH) and one coated with ethylenediamine tetra-
acetic acid (EDTA)]. All tubes were inverted as per
the manufacturer’s instructions, and samples were
centrifuged at 1400 g at 48C for 10 min with the
supernatant aspirated and stored at 7408C. Diluted
(1:5) serum and plasma samples were analysed in
duplicate using an ELISA (Stressgen Bioreagents,
Canada) with the intra-assay coefficient of variation
calculated at 8.6%. Differences between blood
specimen tubes were investigated using one-way
repeated-measures analysis of variance with
Bonferroni post-hoc tests.
There was a main effect for blood handling
technique on extracellular Hsp72 concentration
(F1.1,8.8¼ 76.9, P5 0.001, Z2¼ 0.91). Blood treated
with EDTA had a significantly higher Hsp72 con-
centration than all other treatments (P 0.001),
while the blood treated with lithium heparin had a
significantly higher Hsp72 concentration than the
two serum tubes (P5 0.05) (EDTA: mean 6.46
ng ml71, s¼ 0.76; LH: 2.72 ng ml71, s¼ 2.27;
SR: 0.16 ng ml71, s¼ 0.34; SI: 0.09 ng ml71,
s¼ 0.25). Hsp72 was detected in all EDTA samples
and in seven LH samples, but only in three serum
samples.
The results demonstrate that blood treated with an
anticoagulant produces higher concentrations of
Hsp72 than serum-derived Hsp72. Since previous
research has tended to report serum data at the
lowest point of the detectable range of the assay, it is
recommended that EDTA-coated specimen tubes be
used in future investigations. That extracellular
Hsp72 binds to proteins involved in the clotting
process in vivo and in vitro is currently being
investigated.
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The effect of active and passive recovery
on power output during repeated sprints
following a rugby-specific treadmill protocol
N. V. Gibson1 & E. M. Winter2
1Heriot Watt University and 2Sheffield Hallam
University, UK
Following recent rule changes, rugby league teams
can now make 12 interchanges per match from four
named substitutes. Players can also be ‘‘sin binned’’
for infractions. It has been suggested that players
perform at higher intensities upon their return (Meir
et al., 2001: Journal of Strength and Conditioning
Research, 15, 450 – 458). Precisely what players should
do during their inactivity is unclear. The purpose of
this study was to compare the effects of active and
passive recovery on subsequent performance.
After receiving institutional ethics approval, eight
male rugby league players (mean age 22 years, s¼ 1;
body mass 91 kg, s¼ 12.9; stature 1.84 m, s¼ 0.08;
_V O2max 44.6 ml  kg71 min71, s¼ 7.5) visited the
laboratory on three occasions. On a preliminary visit,
maximal oxygen uptake ( _V O2max) was established
using an incremental protocol on an electrically
braked cycle ergometer (Loda, ExcaliburSport).
Further visits comprised a rugby-specific treadmill
protocol, followed in a cross-over design by 10 min
active or passive recovery. Passive recovery involved
sitting quietly. Active recovery was performed on a
cycle ergometer at 40% _V O2max. Following recovery,
six 8-s sprints were performed on a friction-braked
cycle ergometer against a resistance equivalent to
7.5% body weight for the determination of peak
power output. The sprints were separated by 30 s
recovery. Blood lactate concentration and rating of
perceived exertion (RPE) were determined immedi-
ately after the treadmill protocol, then after 5 and
10 min of recovery and immediately after the final
sprint. Blood lactate concentration was also deter-
mined 7 min after the final sprint. Additional RPE
measures were taken after each sprint. Following
verification of underlying assumptions, a fully
repeated-measures two-way factorial analysis of
variance was used to examine blood lactate concen-
tration, RPE, and peak power output. Statistical
significance was set at P 0.05.
Peak power output during the six 8-s sprints did
not differ between recovery modes (P¼ 0.90).
Similarly, RPE and blood lactate concentration did
not differ (P¼ 0.61 and 0.55 respectively). Change in
the blood lactate concentration at the end of the
10 min recovery did not differ.
The results suggest that active recovery performed
on a cycle ergometer at an intensity equivalent to 40%
_V O2max does not augment performance when players
return to competition and this manoeuvre cannot be
recommended to coaches as an effective strategy for
dealing with interchanged or ‘‘sin binned’’ players.
Growth hormone responses to three
different exercise bouts in 18- to 25-year-old
and 40- to 50-year-old men
K. L. Gilbert1, D. Thompson1, G. M. Hall2, &
K. Stokes1
1University of Bath and 2St. George’s, University of
London, UK
Exercise is a potent stimulus for growth hormone
release, although ageing appears to attenuate this
response. In addition, certain modes of exercise may
produce a larger growth hormone response than
others. The aim of this study was to investigate
growth hormone responses to different exercise
stimuli in young and early middle-aged men.
After receiving local ethics committee approval, 16
men aged 18 – 25 (n¼ 8) or 40 – 50 years (n¼ 8) were
familiarized before completing three trials, at least 7
days apart, in a random order: 30-s cycle ergometer
sprint (sprint); 30-min resistance exercise bout
(resistance); 30-min cycle at 70% _V O2max (endur-
ance). Blood samples were taken before, during, and
after exercise, and then every 10 min for 60 min post-
exercise. A 90-min post-exercise sample was taken in
the sprint trial to standardize end time points. The
area under the growth hormone versus time curve was
calculated using the trapezoidal method over 120 min
from the pre-exercise sample to 90 min after exercise
began. Analysis of variance was used to investigate
differences in growth hormone and lactate concentra-
tions and heart rate between trials and groups.
Statistical significance was set at P50.05.
There were no significant differences between
groups in mean blood lactate concentration or
percentage maximum heart rate at which the
participants were working in any of the trials. In
both groups, blood lactate concentrations were
significantly lower in the endurance trial than the
sprint and resistance trials. There were no significant
differences in resting growth hormone values be-
tween groups or trials. Integrated growth hormone
for the young and early middle-aged groups in each
trial was: sprint, mean 531, s¼ 347 vs. mean 81,
s¼ 54 mg  l71  120 min71; resistance, mean 269,
s¼ 371 vs. mean 75, s¼ 127 mg  l71  120 min71;
endurance, mean 842, s¼ 616 vs. mean 177,
s¼ 137 mg  l71  120 min71. Integrated growth hor-
mone was significantly greater in the young group
than the early middle-aged group, in both the sprint
(P¼ 0.003) and endurance trials (P¼ 0.010). The
difference in integrated growth hormone between
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groups in the resistance trial was not significant
(P¼ 0.185). In both groups, the most marked growth
hormone response was observed in the endurance
trial; however, this difference was only significant in
the 40 – 50 year group (P¼ 0.021).
In men aged 18 – 25 and 40 – 50 years, endurance
exercise elicited a greater growth hormone response
than sprint or resistance exercise. The growth
hormone response to both sprint and endurance
exercise was smaller in the 40 – 50 year group than in
the 18 – 25 year group, suggesting that ageing per se,
or factors associated with ageing, results in a change
in pituitary responsiveness to an exercise stimulus.
Comparison of different methods to predict
_VO2max in obese women
P. R. Hayes1 & L. Hayes2
1University of Northumbria and 2University of
Newcastle-upon-Tyne, UK
Maximal oxygen uptake ( _V O2max) is widely used to
indicate the functional status of the cardiovascular
system. Assessment of _V O2max requires participants
to exercise to volitional exhaustion. For some
populations this is inappropriate. For these
individuals, _V O2max must be predicted from sub-
maximal exercise responses. The prediction of
_V O2max is determined by a linear relationship between
work rate and oxygen consumption. Using the
regression equation and the individual’s estimated
maximum heart rate, a value for _V O2max is obtained.
Maximum heart rate is usually estimated by an age-
based formula, typically 2207 age. Tanaka et al.
(2001: Journal of the American College of Cardiology, 37,
153 – 156) performed a meta-analysis and concluded
2087 (0.76age) to be a more appropriate formula.
Both formulae are based upon healthy adults. Miller
et al. (1993: Medicine and Science in Sports and Exercise,
25, 1077 – 1081) found that for obese women 2007
(0.496age) was more appropriate. The purpose of
this investigation was to compare _V O2max values
obtained using different formulae in obese women.
After receiving institutional ethical approval, 15
obese women (mean age 45.5 years, s¼ 9.6; height
1.64 m, s¼ 0.06; body mass 114.8 kg, s¼ 27.0; body
mass index 42.4 kg m72, s¼ 8.5) participated in the
study. A sub-maximal incremental treadmill walking
test was used. Oxygen consumption and heart rate
were monitored continuously. Individualized _V O2 –
heart rate regression equations were determined.
Maximal oxygen uptake was calculated using the
three different methods of determining maximum
heart rate: (i) 2207 age (traditional), (ii) 2087
(0.76age) (meta-analysis), and (iii) 2007 (0.496
age) (obese-specific).
There were significant differences (F1.01,15.17¼
7.141; P¼ 0.017) for maximal heart rate (Table I)
and _V O2max (F1.01,14.24¼ 5.222; P¼ 0.038) when
expressed in ml  kg71 min71 (Table II). The differ-
ences in _V O2max were removed when the data were
scaled allometrically, with mass scaled to the power
0.67 (F1.02,14.37¼ 0.444; P¼ 0.521) (Table II).
These results suggest that different formulae used
to estimate maximum heart rate produce different
values. This has implications for the determination of
individual _V O2max values from a sub-maximal test.
These differences are removed when the individual’s
mass is scaled allometrically.
Predictors of left ventricular mass in children
aged 10 – 11 years
J. Henaghan1, K. George1, T. Cable1,
A. M. Batterham2, & G. Stratton1
1Liverpool John Moores University and 2University
of Teesside, UK
Left ventricular hypertrophy is seen as a pre-clinical
marker for cardiovascular disease. Paediatric criteria
defines this as a left ventricular mass index (LVMI),
allometrically scaled for differences in height of
438.6 g m72.7 (Daniels et al., 1995: American
Journal of Cardiology, 76, 699 – 701). Age, sex, and
height have all been found to be predictors of left
ventricular mass in children as well as modifiable
variables such as weight, blood pressure (Malcolm
et al., 1993: Pediatrics, 92, 703 – 709), body mass
index (BMI) (Hanevold et al., 2004: Pediatrics, 133,
328 – 333), and lean body mass (Janz et al., 2000:
Pediatrics, 105, 63 – 70). The aim of this study was
to establish which of these variables are the strong-
est predictors of LVMI in a healthy paediatric
population with a body mass index of 14.6 – 28.9.
Table I. Comparison of maximum heart rate (beats min71) from
different methods (mean+ s).
Traditional method Meta-analysis Obese-specific
175+ 10 176+ 7 178+5
Table II. Comparison of _VO2max from different methods of
determining maximum heart rate (mean+ s).
Method
_V O2max
(ml  kg71 min71)
_V O2max
(ml  kg70.67 min71)
Traditional 19.7+ 5.0 93.0+ 20.0
Meta-analysis 20.0+ 4.8 94.4+ 19.3
Obese-specific 20.2+ 4.8* 91.5+ 15.6
*Significantly different from traditional method.
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After receiving local ethical approval, 66 children
(40 females, 26 males) aged 10 – 11 years consented
to participate. Body mass, blood pressure, sitting
stature, BMI, waist circumference, peak oxygen
uptake ( _V O2peak), fat mass, lean body mass, and left
ventricular mass were all assessed in a controlled
environment. Fat mass and lean body mass were
examined using DEXA. A trained ultrasound tech-
nician estimated left ventricular mass from two-
dimensional ultrasound images with a 2.5-MHz
phased array transducer (MyLab30CV system).
The LVMI was calculated using left ventricular
mass(g)/height(m)2.7. Forced entry multiple regres-
sion analysis was used to establish significant
relationships between the variables measured.
Lean body mass had the greatest influence on the
LVMI with systolic blood pressure and BMI also
having a significant association (Table I). These varia-
bles accounted for 48% of the variance in the LVMI.
Of the 66 children taking part, 12% (n¼ 8) were found
to have a left ventricular mass438.6 g m72.7.
Body mass index and systolic blood pressure were
significantly positively correlated with the LVMI,
suggesting that higher BMI and systolic blood
pressure are associated with an increase in the
LVMI, which could lead to potential future cardio-
vascular complications. As both variables are modifi-
able characteristics, it is important that these remain
controlled throughout our life span.
The relationship between physical training
changes in body composition and cardiac morphol-
ogy is a complex phenomenon in this age group.
Indeed, an increased LVMI in response to a change
in lean body mass may not be detrimental. Further
research is required to investigate these relationships.
Twelve weeks of supervised exercise produces
health benefits despite poor weight loss
M. Hopkins, P. Caudwell, N. A. King, &
J. E. Blundell
University of Leeds, UK
Body weight loss is commonly regarded as the marker
of success for exercise to improve health. However,
exercise could give rise to health benefits independent
of changes in body weight. The purpose of this study
was to examine whether improvements in health are
inevitably coupled with changes in body weight.
After receiving ethical approval, 17 sedentary over-
weight/obese individuals (3 males, 14 females; mean
age 39.8 years, s¼ 10.5; BMI 34.1 kg m72, s¼ 3.8;
aerobic capacity 27.0 ml  kg71 min71, s¼ 5.8) parti-
cipated in a 12-week aerobic exercise programme (70%
of maximum heart rate, five times a week). Exercise
was supervised and prescribed to expend 500 kcal per
session. Body composition (air-displacement plethys-
mography and bioelectrical impedance), aerobic capa-
city (indirect calorimetry), resting blood pressure,
resting heart rate, waist and hip circumferences were
measured at baseline and weeks 4, 8, and 12.
When all the participants’ data were pooled, the
mean reduction in body weight was 3.64 kg
(s¼ 3.37; P5 0.01), which equated to an approx-
imate 4% reduction in initial body weight. However,
10 of the 17 participants failed to attain the
theoretical weight loss estimated to be achieved by
the total exercise-induced energy expenditure. The
mean weight loss in those 10 participants was only
1.4 kg (s¼ 1.83; P¼ 0.03). Despite a relatively small
reduction in body weight, these individuals experi-
enced an increase in aerobic capacity (8.3 ml 
kg71 min71, s¼ 5.79; P5 0.01), decreased resting
systolic (0.7 mmHg, s¼ 12.9; P¼ 0.86) and diastolic
blood pressure (3.8 mmHg, s¼ 5.9; P¼ 0.07), rest-
ing heart rate (5.2 beats min71, s¼ 7.3; P¼ 0.05),
waist circumference (2.1 cm, s¼ 4.0; P¼ 0.17), and
hip circumference (3.5 cm, s¼ 3.2; P5 0.01).
Our results suggest that improvements in health
could occur even in individuals who demonstrate
poor exercise-induced weight loss. A lack of a
meaningful reduction in body weight does not
undermine the beneficial effects of aerobic exercise.
This is in line with the suggestion of Blair et al.
(1995: Journal of the American Medical Association,
273, 1093 – 1098) that focusing on weight loss
should be avoided, and that cardiorespiratory fitness
may be a more powerful predictor of risk than body
weight. From a public health perspective, exercise
should therefore be encouraged and the emphasis on
weight loss be reduced.
Individual variability in body weight,
metabolic, and behavioural responses to
supervised exercise in overweight and obese
individuals
M. Hopkins, P. Caudwell, N. A. King, &
J. E. Blundell
University of Leeds, UK
Compensatory responses to exercise-induced pertur-
bations in energy balance could explain why exercise
Table I. Predictor variables for the LVMI.
Predictor variables
Standardized
coefficients b t P
BMI 0.299 2.727 0.008
Systolic blood pressure 0.198 2.139 0.036
Lean body mass 0.415 3.677 0.000
R¼0.714, R2¼0.509, adjusted R2¼0.486 (n¼66).
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often produces disappointing effects on body weight.
The purpose of this study was to identify and
characterize individuals who are susceptible and
resistant to weight loss in response to exercise.
After receiving ethical approval, 17 sedentary
overweight/obese individuals (3 males, 14 females;
mean age 39.8 years, s¼ 10.5; BMI 34.1 kg m72,
s¼ 3.8; _V O2max 27.0 ml  kg71 min71, s¼ 5.8) par-
ticipated in a 12-week aerobic exercise programme
(70% of maximum heart rate, five times a week).
Exercise was supervised and prescribed to expend
500 kcal per session. Body composition (air-
displacement plethysmography and bioelectrical
impedance), resting metabolic rate (indirect calori-
metry), and energy intake (test meals) were mea-
sured at weeks 0, 4, 8, and 12.
Mean weight loss (73.64 kg, s¼ 3.37; P5 0.01)
was significant and concordant with the estimated
weight loss based on the exercise-induced total
energy expenditure. Furthermore, percentage
(72.6%, s¼ 2.0; P5 0.01) and absolute fat
mass (73.79 kg, s¼ 2.73; P5 0.01) decreased
significantly. However, these mean values concealed
the inter-individual variability. The range for the
changes in body mass (711.7 to þ1.1 kg), percent-
age fat mass (76.9 to þ2%), and absolute fat mass
(78.5 to þ2.6 kg) were marked.
Ten of the 17 participants demonstrated mild
weight loss (71.41 kg, s¼ 1.83; P¼ 0.03) and were
classified as poor-responders due to their inability to
attain the estimated weight loss. Good responders
lost a mean 6.82 kg (s¼ 2.28; P5 0.01). The
difference in weight loss (5.41 kg) between poor
and good responders was statistically significant
(P5 0.01). Good responders showed an increase in
resting metabolic rate of 180 kcal day71 (s¼ 213;
P¼ 0.06) and decreased daily energy intake
(7120 kcal day71, s¼ 232; P¼ 0.22). Poor respon-
ders showed a negligible change in resting metabolic
rate (17 kcal day71, s¼ 140; P¼ 0.71) and daily
energy intake (18 kcal  day71, s¼ 512; P¼ 0.91).
Differences in resting metabolic rate and energy
intake between good and poor responders were not
significant (P¼ 0.07 and P¼ 0.51, respectively).
Our results demonstrate that individuals vary
considerably in their responses to imposed, super-
vised exercise. Some individuals are resistant to the
capacity of exercise to induce meaningful weight
loss. Metabolic and behavioural compensation may
attenuate the exercise-induced energy deficit in
individuals who demonstrate poor weight loss.
Exercise-induced muscle damage increases
electromechanical delay
G. Howatson1,3 & K. A. van Someren2,3
1St. Mary’s College, 2English Institute of Sport and
3Kingston University, UK
The time lag between the onset of electrical activity
at the muscle and the associated mechanical output
or force production is termed ‘‘electromechanical
delay’’ (EMD; Li & Baum, 2004: Journal of Electro-
myography and Kinesiology, 14, 647 – 652). There is a
growing literature that describes the changes in
electromechanical delay under numerous conditions,
such as different contractions types, when fatigued,
and its response to training. Muscle damage has been
reported to reduce cell membrane integrity (Yasuda
et al., 1997: Acta Physiologica Scandinavica, 161,
581 – 582), which may also affect electromechanical
delay; however, no previous research has examined
these effects. Hence, the aim of this investigation was
to elucidate changes in electromechanical delay after
a bout of damaging exercise.
After receiving institutional ethics approval, eight
males volunteered to participate in the investigation
(mean age 26 years, s¼ 6; height 1.84 m, s¼ 0.14;
body mass 86.0 kg, s¼ 9.9). After randomly assigning
Table I. The response of electromechanical delay and markers of muscle damage to maximal lengthening contractions using the forearm
flexors (mean+ s; n¼ 8).
Before exercise 48 h after exercise 96 h after exercise ANOVA (effect size)
Electromechanical delay
Isometric EMD (ms) 63.4+ 18.7 80.9+16.0 89.5+ 18.6* F2,14¼ 13.4, P¼0.001 (0.66)
1.05 rad  s71 EMD (ms) 65.3+ 12.4 81.9+23.0 86.3+ 19.7* F2,14¼ 10.5, P¼0.002 (0.77)
3.67 rad  s71 EMD (ms) 65.6+ 14.5 78.1+14.6 89.0+ 21.8* F2,14¼ 13.5, P¼0.001 (0.73)
Damage markers
Creatine kinase (IU  l71) 105+ 33 692+592* 888+ 488* F2,14¼ 6.3, P¼0.001 (0.47)
DOMS (mm) 0+ 0 100+41* 73+ 56* F2,14¼ 15.9, P50.001 (0.87)
Isometric torque (D%) 0+ 0 18.3+8.4* 11.1+ 8.6 F2,14¼ 13.5, P¼0.008 (0.85)
Torque @ 1.05 rad  s71 (D%) 0+ 0 16.9+17.2* 6.9+ 7.5 F2,14¼ 5.0, P¼0.022 (0.42)
Torque @ 3.67 rad  s71 (D%) 0+ 0 11.2+11.2* 7.6+ 9.7 F2,14¼ 5.5, P¼0.017 (0.44)
*Significantly different from pre-exercise values (P5 0.05). Torque values are normalized and expressed as a percentage change from
baseline.
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the group to exercise the dominant or non-dominant
limb, the participants completed an exercise protocol
designed to damage the forearm flexors, which
consisted of three sets of 15 maximal eccentric actions
using an isokinetic dynamometer (Biodex System II,
Shirley, NY). Markers of muscle damage were muscle
soreness rating (DOMS) using a visual analogue scale,
creatine kinase activity in blood serum, maximal
isometric torque and maximal isokinetic torque at
1.05 and 3.67 rad  s71. Electromyographic (EMG)
activity was recorded from the biceps brachii during
each contraction. Electromechanical delay was deter-
mined as the time lag between the onset of
EMG activity and torque production. All dependent
variables were measured before exercise, 48 h
and 96 h after exercise and were analysed using a
repeated-measure analysis of variance (ANOVA).
When necessary, post-hoc analyses were used to identify
differences. The results are presented in Table I.
The results of this investigation showed that
muscle damage was evident as a result of maximal
lengthening contractions. Electromechanical delay
was significantly extended as a result of damage from
maximal lengthening contractions, which followed a
similar temporal trend to creatine kinase efflux, but
not DOMS or torque. The increase in the electro-
mechanical delay may be due to the loss of cell
membrane and sarcolemma integrity, which could
affect post-synaptic events such as action potential
propagation, although further investigation is
warranted.
Validity and reliability of a battery of physical
field-based performance tests in elite child
and adolescent soccer players
M. Hulse1, J. Morris2, A. Hodson1, & M. Nevill2
1Lilleshall National Sports Centre and
2Loughborough University, UK
Field testing allows large numbers of performers
to be assessed (Reilly & Gilbourne, 2003: Journal
of Sports Sciences, 21, 693 – 705) but the methods
used must be valid and reliable (Atkinson &
Nevill, 1998: Sports Medicine, 26, 217 – 238). In this
study, we examined the logical and construct
validity and reliability of a battery of soccer-specific
field tests.
A university ethics committee approved all experi-
mental procedures. The opinions of coaches, fitness
professionals, and players (n¼ 170, 172, and 101
respectively) on the importance of performance
testing were established using a questionnaire. In
addition, 80 elite young soccer players (mean age
13.2 years, s¼ 2.6; height 1.59 m, s¼ 0.17; body
mass 50.6 kg, s¼ 17.1) completed a battery of field
tests of physical performance on two occasions,
separated by 7 days, during the 2004 – 2005 playing
season. Players’ heart rate during and in recovery
from the Multi-Stage Fitness Test was recorded.
Three vertical jump tests (rocket jump, counter-
movement jump without arms, and countermove-
ment jump with arms, all measured using a jump
mat), a sprint test over 10 and 20 m and an agility
test, timed with photoelectric cells, were also
completed. Data were analysed using Bland and
Altman limits of agreement, Pearson and intra-class
correlations, and typical error. Statistical significance
was set at P5 0.05.
Physical performance testing was considered im-
portant by coaches (97%), fitness professionals
(94%), and players (83%). All tests, with the
exception of the heart rate recovery values, were
able to distinguish between different age and ability
groups of players (P5 0.05). The mean difference
(+limits of agreement) between the first and second
tests was: 73.4 (+12.9) and 72.4 beats min71
(+6.8) on level 1 and 8 of the Multi-Stage Fitness
Test respectively; 70.04 cm (+3.23) on the rocket
jump; 0.23 cm (+3.34) on the countermovement
jump without arms; 70.38 cm (+3.45) on the
countermovement jump with arms; 0.01 s (+0.033)
on the 10-m sprint; 70.03 s (+0.10) on the 20-m
sprint; and 0.04 s (+0.12) on the agility test. The
intra-class correlation coefficients were 40.90 for all
tests with the exception of heart rate on level 1 of the
Multi-Stage Fitness Test (0.88) and the heart rate
recovery values (0.81).
In summary, apart from the heart rate recovery
values, these field-based performance tests demon-
strated logical and construct validity, and were a
reliable and objective tool for assessing young elite
soccer players.
Near-infrared spectroscopy analysis
of cerebral oxygenation changes in response
to acute intermittent altitude exposure
H. T. Hurst & S. Atkins
University of Central Lancashire, UK
Near-infrared spectroscopy allows the non-invasive
monitoring of tissue oxygenation and is widely used
in clinical research. Changes in oxyhaemoglobin to
total haemoglobin content are used to calculate the
tissue oxygenation index as a percentage (Boushel
et al., 2001: Scandinavian Journal of Medicine and
Science in Sports, 11, 213 – 222). However, near-
infrared spectroscopy is not widely available to assess
acute haemodynamic responses to intermittent mod-
erate altitude exposure in healthy individuals. There-
fore, the purpose of this study was to investigate
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acute changes in cerebral oxygenation in response to
intermittent hypoxic exposure at moderate altitude
in physically active adults.
After receiving institutional ethical approval, seven
male sports science students (mean age 26.1 years,
s¼ 7.44; stature 1.77 m, s¼ 4.67; body mass 75.1 kg,
s¼ 12.6) participated in two resting tests, the first
breathing normoxic air for 5 min to record baseline
values and the second breathing normobaric hypoxic
air for 15 min to simulate an altitude of 3048 m. A
near-infrared spectrometer (NIRO 200, Hamamatsu
Photonics, Germany) was used to determine oxyge-
nation. An optode was placed on the right temple and
secured using tape and a bandage. Statistical sig-
nificance was set at P 0.05 and statistical differences
were analysed using a one-sample t-test.
A significant difference (P5 0.001) in the cerebral
tissue oxygenation index was observed between
normoxic and hypoxic conditions (mean 67.7%,
s¼ 0.39 and 65.6%, s¼ 1.23, respectively). The
tissue oxygenation index decreased by only a further
1.4% between minutes 5 and 15 during hypoxia.
Values for the normoxic cerebral tissue oxygenation
index were comparable to those previously reported
(Imray et al., 2000: Clinical Science, 98, 159 – 164).
Acute normobaric hypoxia results in hyperventilation,
causing a decrease in the partial pressure of arterial
carbon dioxide and vasoconstriction of cerebral vessels
(Tobias, 2006: Expert Review of Medical Devices, 3,
235 – 243). This may have resulted in a slight
reduction in cerebral blood flow, which may partially
explain the lower oxygenation values observed.
The present study found that decreases in the acute
cerebral tissue oxygenation index were greatest be-
tween 2 and 5 min after the onset of moderate altitude
intermittent hypoxia. Near infrared spectroscopy
provides a suitable means of haematological analysis
during intermittent hypoxia and could help develop
more effective altitude training strategies. Addition-
ally, it could be used to aid interpretation of early stage
responses to acute mountain sickness. Future research
could focus on acute blood flow kinetics and
ventilatory responses to establish their relationships
with cerebral oxygenation during intermittent hypoxic
exposure in healthy physically active individuals.
Trends in medical discharge due to training
injury during British Army recruit training
R. M. Izard, J. L. J. Bilzon, & M. G. Braithwaite
Headquarters Army Training and Recruiting Agency,
UK
The Army Training and Recruiting Agency (ATRA)
is responsible for recruiting new applicants and
developing them through a process of training in
preparation for the field army. Of the recruits that
successfully pass selection each year, only*65% will
complete initial training (Bilzon, 2003: HQ ATRA
Internal Report #2003.001). Many are unsuccessful
because they are medically discharged with a
training-induced injury. The purpose of the study
was to quantify training-induced injury rates during
initial training and evaluate trends in anterior knee
pain, tibial pain, and stress fractures.
Medical discharge data over six training years
(TY99/00 to TY04/05) were extracted from a
medical-in-confidence database managed and main-
tained by the Head of Occupational Medicine at HQ
ATRA. Training input data were obtained from a
personnel management database, merged, and made
anonymous. Permission to use these data was given by
the data controller Head of Occupational Medicine.
Descriptive data are expressed as medical discharges
with a training-induced injury per 1000 recruits and as
a percentage of total medical discharges with a training-
induced injury. The results are shown in Table I.
In TY04/05, 28 males and 52 females per
1000 recruits were medically discharged with a
training-induced injury from initial training. This has
increased for males from 15 per 1000 and decreased in
females from 90 per 1000 in TY99/00. The incidence
of medical discharges due to stress fractures has
decreased from 40 per 1000 among females during
TY99/00 to 17 per 1000 during TY04/05. In addition,
medical discharges due to tibial pain has declined from
12 per 1000 in TY99/00 to 9 per 1000 among females
in TY04/05. However, medical discharges due to
stress fractures in females remained responsible for
32% of all medical discharges with a training-induced
injury during TY04/05, of which 14% were tibial.
When added to medical discharges due to tibial pain,
this accounts for nearly 30% of all medical discharges
with a training-induced injury.
Substantial reductions in stress fractures and tibial
pain have been realized among female trainees over
the last six training years. While the same trends have
not been realized among male trainees, the incidence
of medical discharges in most training injury
Table I. Medical discharges with a training-induced injury by
category expressed per 1000 trainees per training year.
Anterior knee
pain Stress fractures Tibial pain
Males Females Males Females Males Females
TY99/00 2.4 7.0 3.5 39.6 1.9 12.3
TY00/01 2.1 5.6 5.6 38.2 2.3 14.9
TY01/02 4.2 5.7 3.1 23.9 2.6 12.5
TY02/03 3.1 6.9 3.9 10.8 1.5 5.4
TY03/04 4.9 8.6 2.6 11.4 2.7 10.5
TY04/05 4.5 4.2 3.6 16.9 2.6 8.5
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categories remain markedly lower in males than
females. It is anticipated that the introduction of
single-gender platoon training in TY06/07 will
further reduce the gender odds ratio for medical
discharges with a training-induced injury.
Pedalling ‘‘smoothness’’ and gross efficiency
inversely correlated at 200 and 250 W
S. A. Jobson, L. M. Edwards, S. R. George, &
A. M. Nevill
University of Wolverhampton, UK
A common training maxim in cycle sport posits that a
smooth pedal stroke (i.e. the even application of force
throughout a crank cycle) improves efficiency and
therefore cycling performance. In spite of this percep-
tion, the scientific literature contains limited support-
ing evidence. The purpose of this investigation was to
examine the relationship between pedalling ‘‘smooth-
ness’’ and measures of cycling efficiency.
After receiving institutional ethical approval, eight
well-trained cyclists (mean _V O2max 60.4 ml  kg71 
min71, s¼ 2.6) completed four 7-min stages at
intensities of 100, 150, 200, and 250 W using an
SRM ergometer (Schoberer Rad Messtechnich,
Julich, Germany). Cadence was fixed at 90 rev 
min71. Intensity was continuously monitored and
adjusted by the ergometer software. Net crank torque
was measured for a period of thirty seconds 6 min into
each stage using software supplied by the ergometer
manufacturer. Mean peak torque (AvPT) and mean
minimum torque (AvMT) were derived and an index
of pedalling smoothness (IPS) was calculated as:
IPS¼AvMT/AvPT. Oxygen uptake ( _V O2) during
the time trial was recorded on a breath-by-breath basis
using a Metamax 3B automated gas analysis system
(Cortex Biophysik GmbH, Leipzig, Germany). Gross
efficiency was defined as 100%6work done/energy
consumed (estimated via indirect calorimetry) during
the final 2 min of the time trial. A Pearson correlation
was performed between the index of pedalling
smoothness and gross efficiency.
At low power outputs (100 W and 150 W), there
was no significant correlation between the index of
pedalling smoothness and gross efficiency
(P4 0.05). At higher intensities, however, the index
of pedalling smoothness was inversely correlated
with gross efficiency at 200 W (r¼70.797,
P¼ 0.018) and 250 W (r¼70.813, P¼ 0.014).
As reported previously (Gaesser & Brooks, 1975:
Journal of Applied Physiology, 38, 1132 – 1139), gross
efficiency increased with increasing workload, with a
minimum of 13.6% at 100 W and a maximum of
22.7% at 250 W. While there was no significant
correlation at lower workloads, a strong inverse
correlation was observed between pedalling
‘‘smoothness’’ and gross efficiency at higher work-
loads. These data appear to suggest that a ‘‘smooth’’
pedal stroke reduces cycling efficiency. However, it is
equally likely that both pedalling ‘‘smoothness’’ and
gross efficiency are dictated by some underlying
factors that are yet to be determined.
Evidence that the intensity of daytime
exercise influences blood pressure during
nocturnal sleep
H. Jones, K. George, B. Edwards, & G. Atkinson
Research Institute of Sport and Exercise Sciences,
Liverpool John Moores University, UK
Although the effects of exercise on the subsequent
24-h responses of ambulatory blood pressure (BP)
have been investigated (Wallace et al., 1999: Journal of
Human Hypertension, 13, 361 – 366) it is unclear
whether intensity or total work completed is the most
important factor governing the magnitude and time
course of such responses. Further, no previous
researcher has controlled for inter-individual differ-
ences in sleep and wake times in the analysis of the
after-effects of exercise on BP. The aim of this study
was to compare the 24-h post-exercise responses of
ambulatory BP between exercise bouts that differ in
intensity, duration and total work completed.
Following ethical approval, six normotensive
males (Age mean 28, s¼ 6 years) completed four
trials, all beginning at 08:00 hours. Control: resting
for 30 min; Intense: 30 min of semi-recumbent
cycling at 70% _V O2peak; Moderate-short: cycling
for 30 min at 40% _V O2peak and Moderate-long:
cycling at 40% _V O2peak for a time (Mean 50,
s¼ 8 min) which corresponded to the same total
work done as in the Intense trial. All participants
underwent simultaneous 24-h ambulatory BP, heart
rate (HR) and activity (actiwatch) monitoring from
20 min after the end of each exercise bout. Data were
separated into daytime (duration¼ 12 h) and the
sleep (duration¼ 5 h) periods on the basis of
reported sleep times, and were analysed using
general linear modelling.
Post-exercise changes in BP and HR were not
affected by exercise intensity or total work done from
the 20 min after exercise until the time of sleep
P4 0.36). Nevertheless, there was a tendency
(P¼ 0.025) for mean arterial pressure (MAP) mea-
sured during sleep to be lower after the Intense
exercise bout than after the other exercise bouts. The
95% CI was 731.4 to 73.4, 721.5 to 2.2 and
734.0 to 3.5 mmHg for the difference in MAP
between Intense vs Moderate-short, intense vs
Moderate-long and Intense vs Control, respectively.
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The sleep-wake difference in MAP was also greatest
following the Intense exercise bout (P¼ 0.056). This
lower BP was observed despite no differences in
mean activity levels during sleep between trials
(P¼ 0.549).
These results suggest the presence of a physiolo-
gically-meaningful lower BP during sleep after
intense, compared to control and moderate intensity
exercise.
Intra- and inter-operator reliability of a
3-MHz suprasternal Doppler ultrasound
monitor in determining cardiac output at
rest and immediately after maximal exercise
J. S. Kelly1, C. Sale2, & A. Dobson1
1University of Chichester and 2QinetiQ, UK
The aim of this study was to assess the reliability of a
3-MHz suprasternal Doppler ultrasound monitor in
determining cardiac output ( _Q) at rest and immedi-
ately following maximal exercise.
After receiving ethical approval, 20 healthy males
(mean age 28 years, s¼ 2; height 176 cm, s¼ 7; body
mass 78.9 kg, s¼ 12.3) gave their informed consent to
participate in the study. All measurements were taken
using the SupraQ, a 3-MHz continuous-wave Doppler
ultrasound monitor (Deltex Medical, Chichester,
UK). The probe, positioned in the suprasternal notch,
was directed at the ascending aorta to measure
ascending blood flow velocity. Fine adjustments of
the probe were made to direct the ultrasound beam at
an angle parallel to the flow of blood to obtain optimal
time/velocity complexes. The participants lay supine
(308 tilt) for 60 min. Measurements of _Q were taken
for ten cardiac cycles at 60 min. The _Q corresponding
to the highest peak velocity was then recorded. After
this baseline period, the participants performed a
single 30-s Wingate anaerobic cycle test to provoke an
increase in _Q. Cardiac output was then measured
immediately after exercise in the same manner as
baseline measurements. To address intra-operator
reliability, the participants attended two identical
laboratory sessions, 48 h apart. To assess inter-
operator reliability, two operators took measures at
each time point, in a crossover order.
Cardiac output recorded at rest and immediately
after maximal exercise ranged from 1.7 to 6.1 litres 
min71 and 4.1 to 15.2 litres min71 respectively. Intra-
operator reliability (bias+95% limits of agreement,
LoA) between trials for operator 1 and between trials
for operator 2 at rest were 0.0+1.6 and 70.1+
1.8 litres min71 respectively. After exercise, the
bias+95% LoA between trials for operator 1 and
between trials for operator 2 were 0.8+4.6 and 0.8+
6.3 litres min71 respectively. Inter-operator reliability
(bias+95% LoA) between operators for trial 1 and
between operators for trial 2 at rest was70.2+1.4 and
70.3+1.8 litres min71 respectively. Immediately
after maximal exercise, the bias+95% LoA between
operators for trial 1 and between operators for trial 2
were 1+3.8 and 1+3 litres min71 respectively.
The 3-MHz suprasternal Doppler ultrasound
monitor did not provide a reliable measurement of
_Q (corresponding to the highest peak velocity) at rest
and immediately after maximal exercise. Future
research needs to add to this preliminary work by
examining the reliability of the SupraQ using other
cardiac parameters.
Physiological characteristics of junior
and senior male international hockey players
V. Leslie1, J. Price2, J. G. Morris1, C. Sunderland3,
& M. E. Nevill1
1Loughborough University, 2University of Southampton
and 3Nottingham Trent University, UK
Despite field hockey’s global popularity, little is
known of the physiological characteristics required
for elite play or how these develop in elite players
from junior to senior level. Such insight is important
in aiding talent detection, identification, develop-
ment, and selection of players. This study sought to
profile the physiological characteristics of elite male
international field hockey players using cross-sec-
tional data collected between 1993 and 1995
(maximal oxygen uptake data collected from the
2004 Great Britain Olympic squad were also
included in the analysis). As some of the young
players from 1993 to 1995 have since played in
senior international matches, it is also possible to
distinguish between the physiological characteristics
of players who progressed from junior to senior level
with those of players who did not.
University ethical committee and England Hockey
approval was gained before testing. Anthropometric,
physiological, and field test performance asses-
sments were made on 133 male under-16 (U16),
under-18 (U18), under-21 (U21), and senior
England international players. Data were analysed
using a one-way analysis of variance with a sub-
sequent post-hoc Tukey test. The results are pre-
sented in Table I.
There were no differences between squads in directly
determined _V O2max using an uphill treadmill protocol
(Taylor et al., 1955: Journal of Applied Physiology, 8,
73 – 80). However, _V O2max predicted from the
20-m multi-stage fitness test (Ramsbottom et al.,
1988: British Journal of Sports Medicine, 22, 141 – 144)
increased with age up to U-21 level. Under-16 players
were slower over the 15-m sprint than all other squads.
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Comparing junior players who successfully pro-
gressed to senior competition and those who did not,
players who progressed were faster over 15 m in each
age group, with this reaching significance in the
U-21s (U-21 successful, n¼ 21 vs. unsuccessful,
n¼ 22; mean 2.37 s, s¼ 0.09 vs. mean 2.44 s,
s¼ 0.09, P¼ 0.01).
Results from this study suggest that a relatively
high aerobic power (*60 ml  kg71 min71) is pre-
requisite for elite male hockey players of any age,
with sprint speed appearing to be a key factor
determining progression to senior international
status. These findings can provide a foundation for
further investigation into the characteristics of elite
hockey players, ultimately assisting in the identifica-
tion and development of talented individuals.
The influence of angiotensin-converting
enzyme genotype on muscle strength
and contractile properties
T. McCauley, S. Mastana, J. Hossack,
M. MacDonald, A. Gilmour, & J. P. Folland
Loughborough University, UK
Angiotensin-converting enzyme (ACE) genotype and
serum ACE activity have been shown to influence
muscle strength (Williams et al., 2005: Medicine and
Science in Sports and Exercise, 37, 944 – 948). The
ACE D allele has also been associated with a greater
proportion of type II fibres in a Japanese population
(Zhang et al., 2003: Clinical Genetics, 63, 139 – 144),
potentially influencing muscle function and contractile
properties, but this has not been investigated. We
examined the association between ACE genotype
and serum ACE activity with muscle function and
contractile properties.
After receiving ethical approval, a range of
quadriceps muscle function measurements were
taken from 49 recreationally active but non-
strength-trained white British males on two occa-
sions. A conventional strength testing chair was
used to measure maximal isometric strength. Max-
imum twitches (Digitimer DS7AH, UK) were
electrically evoked to assess time-to-peak tension
and half relaxation time. Isokinetic peak torque was
measured at three velocities (0.52, 1.57, and
4.20 rad  s71) using isokinetic dynamometry
(Cybex Norm, USA). The 4.20:0.52 rad  s71 tor-
que ratio was calculated as an additional functional
indicator of fibre type (r¼ 0.79, P5 0.001 with %
type II area; Gur et al., 2002: European Journal of
Applied Physiology, 88, 487 – 496). ACE insertion(I)/
deletion(D) polymorphism was genotyped from
whole blood samples using polymerase chain reac-
tion. Serum ACE activity was assayed using
automated spectrophotometry (Cobas Mira, Roche,
UK). Differences between ACE genotypes were
compared with analysis of variance. Pearson’s
product – moment correlations examined the rela-
tionship between serum ACE activity and functional
measures.
The ACE genotype distribution was in Hardy
Weinberg equilibrium (II 10, ID 27, DD 12).
Physical characteristics were independent of geno-
type. Isometric strength was significantly associated
with ACE genotype (P¼ 0.019), with ID individuals
being significantly stronger than DD participants
(P¼ 0.003). Isokinetic strength at velocities from
Table I. Characteristics of elite male field hockey players (mean+ s; numbers of participants are shown in parentheses).
GB 2004 Seniors U-21 U-18 U-16 Significance
Height (m) – 1.79+ 0.05 (21) 1.78+ 0.07 (14) 1.74+ 0.06 (10) 1.71+ 0.10 (17) Seniors vs. U-16,
P¼0.012
Body mass (kg) – 75.7+ 7.3 (21) 70.7+ 7.8 (14) 64.3+ 12.5 (10) 62.8+ 12.8 (16) Seniors vs. U-18,
P¼0.022
Seniors vs. U-16,
P¼0.001
Laboratory _VO2max
(ml  kg71 min71)
61.4+ 4.7 (17) 59.7+ 4.1 (19) 60.9+ 3.4 (13) 60.5+ 2.5 (10) 57.9+ 5.2 (16) N.S.
Predicted _VO2max
(ml  kg71 min71)
– 59.4+ 4.3 (17) 59.1+ 3.2 (43) 55.7+ 3.9 (42) 48.8+ 5.8 (8) Seniors, U-21,
U-18 vs. U-16,
P50.001
Seniors vs. U-18,
P¼0.006
U-21 vs. U-18,
P50.001
15-m sprint (s) – 2.39+ 0.1 (21) 2.41+ 0.09 (43) 2.41+ 0.08 (42) 2.58+ 0.12 (27) Seniors, U-21,
U-18 vs. U-16,
P50.001
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0.52 to 4.20 rad  s71 were not influenced by ACE
genotype (0.135P5 0.50). Functional indicators
of fibre type (time-to-peak tension, half relaxation
time, and 4.20:0.52 rad  s71 torque ratio) were not
associated with ACE genotype (0.355P5 0.90).
Serum ACE activity was not associated with any
measure of muscle function.
The greater isometric strength of ID genotype
individuals conflicts with previous findings of
greater strength in DD genotype men (Williams
et al., 2005). No association was found between
ACE genotype and functional indicators of fibre
type, suggesting that ACE genotype either does not
influence fibre type composition in white British
males or this effect is too small to influence muscle
function.
Selected predictors of peak oxygen uptake in
10- to 11-year-old primary school girls: The
A-CLASS Project
N. McWhannell1, T. Reilly1, D. A. Doran1,
A. M. Batterham2, & G. Stratton1
1Liverpool John Moores University and 2University of
Teesside, UK
Cardiovascular fitness is an important component
in a healthy lifestyle, associated with a higher
proportion of lean tissue mass, advantageous cardi-
ovascular profiles, and stronger bones (Boreham
et al., 2001: Journal of Sports Sciences, 19, 915 – 929).
Little is known about the predictors of peak oxygen
uptake ( _V O2peak) in young girls. The aim of this
study was to determine the effect of body composi-
tion and physical activity on fitness in a sample of
school children.
Forty primary school girls from Liverpool (mean
age 10.9 years, s¼ 0.3) participated in the study,
which received ethics committee approval at Liver-
pool John Moores University. Body composition was
determined by dual-energy X-ray absorptiometry
(DEXA). Total fat mass percentage (%FMTB) was
calculated from scans of the whole body. Habitual
physical activity was measured in 5-s epochs over a
4-day period using a uni-axial accelerometer (Acti-
graph, FL, USA). Peak oxygen uptake was assessed
from breath-by-breath gas analysis (Oxycon Pro,
Jaegar) using a discontinuous treadmill protocol.
Thresholds for heart rate of 200 beats min71 and
respiratory exchange ratio of 1.05 were used to verify
the attainment of _V O2peak.
Twenty-five complete sets of data were obtained.
Hierarchical forced entry regression was performed,
using _V O2peak as the dependent variable and habitual
physical activity and percent fat mass as independent
variables. The regression model accounted for
38.2% of the variance (F¼ 8.407, P¼ 0.002). Fat
mass percentage explained 31.2% of the variance
(b¼7504, P¼ 0.006), and habitual physical activity
accounted for 7% of variance over and above the
effect of percent fat mass (P¼ 0.071) (Table I).
Our results indicate that physical activity and
percentage body fat accounted for about 40% of
the variance in cardiorespiratory fitness. For every
1% decrease in fat mass, _V O2peak increased by
0.5 ml O2  kg71 min71. If daily habitual physical
activity were increased by 20 min, the data suggest
_V O2peak could improve by 1.0 ml O2  kg71 
min71. It is concluded that percentage fat and
habitual physical activity contribute over a third of
the variance of aerobic fitness. Future intervention
studies that aim to decrease adiposity may benefit
from increasing physical activity and aerobic fitness
of young girls.
Decreased corticospinal excitability after
30 s supramaximal exercise
A. Meaney1, H. Dawes1, K. Howells1, H. Izadi1, &
A. Nowicky2
1Oxford Brookes University and 2Brunel University,
UK
Transcranial magnetic stimulation (TMS) offers a
non-invasive method for measuring corticospinal
excitability after physical activity. Populations of
motor neurons in the motor cortex (M1) are
stimulated by a magnetic pulse and the motor-
evoked potentials (MEPs) recorded in the target
limb. Previous studies implementing TMS to mea-
sure corticospinal excitability as a marker of central
fatigue have reported a significant post-exercise
reduction in MEP amplitudes lasting several min-
utes. However, motor-evoked potentials have only
been reported after fairly prolonged muscle activa-
tion of 60 s or more. The purpose of this study was
to measure corticospinal excitability after the suprax-
imal intensity of a 30-s Wingate test.
After receiving institutional ethical approval, nine
healthy males (mean age 18.5 years, s¼ 0.5) agreed
to participate. Pre-Wingate test EMG activity was
recorded from the right rectus femoris. Stimulation
Table I. Model summary of %FMTB and effect of habitual
physical activity on _V O2peak.
Predictor
variable Adjusted R2
Standardized
coefficients b t P
% Fat mass 0.312 70.504 73.036 0.006*
HPA 0.382 0.315 1.897 0.071
HPA¼Habitual physical activity. *P50.05.
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of the M1 was achieved using a Magstim
200 stimulator (Magstim Company, Dyfed, UK).
The experiment was conducted using between 1.2
and 1.4 times TMS threshold values.
Resting motor-evoked potentials were recorded at
5-min intervals for 15 min. The Wingate test was
then performed on a friction-braked Monark Ergo-
medic 824E (Monark AG, Sweden) cycle ergometer.
Fatigue rate was calculated as the percentage decline
from maximal to minimal power output.
Transcranial magnetic stimulation was adminis-
tered to the M1 within 30 s of completion. There-
after, TMS was repeated at 2, 4, 6, 8, and 10 min
and then at 5-min intervals until the experiment was
terminated at 45 min. The MEP amplitudes were
measured from baseline to peak and visually exam-
ined for general trends. Significant differences over
time were assessed using repeated-measures analysis
of variance. Statistical significance was set at
P5 0.05.
Motor-evoked potentials were normalized to rest-
ing pre-Wingate test mean MEP amplitudes. The
mean rate of fatigue during the Wingate test was 44%
(s¼ 7.5%). Thirty seconds after the Wingate test,
mean MEP amplitudes were depressed by 22.09%
(P¼ 0.074) compared with pre-test values and
proceeded to decrease by 31.9% (P¼ 0.017) at
8 min post-exercise. Mean MEP amplitudes re-
mained depressed until 20 min post-exercise.
Following the 30-s Wingate test, MEP ampli-
tudes recorded from the rectus femoris became
significantly depressed before making a slow recov-
ery. These findings suggest that post-exercise corti-
cospinal excitability may be affected by the intensity
of the task undertaken. Future studies using the same
paradigm for shorter periods are required to deter-
mine the minimum duration of exercise needed to
produce post-exercise MEP depression.
The kinetics of cardiac troponin I release
during and after a marathon
N. Middleton1, R. Shave1, K. George2, E. Hawkes1,
L. Bourke2, & D. Gaze3
1Brunel University, 2Liverpool John Moores University
and 3St. George’s Healthcare NHS Trust, UK
Exercise-induced increases in cardiac troponin im-
mediately after marathon running are well documen-
ted (Shave et al., 2005: Heart, 91, 1219 – 1220), yet
the time course of release is unknown. The aim of this
study was to examine the kinetics of cardiac troponin
I release during and up to 24 h after a marathon.
Nine well-trained male athletes (mean age 32
years, s¼ 7; body mass 77.8 kg, s¼ 9.0; _V O2max
61.6 ml  kg71 min71, s¼ 3.6) provided written in-
formed consent to participate in the study, which was
approved by Brunel University Ethics Committee.
One week after a lactate threshold and _V O2max test to
determine exercise intensity during the trial, the
athletes completed a 42.2-km run on a treadmill at
approximately 5% below their lactate threshold
(completion time 208:8 min:s, s¼ 21:6). Blood sam-
ples were obtained via a venous cannula before, every
30 min during, immediately after, and 1 h after the
marathon, Further samples were collected 3, 6, 12,
and 24 h after the marathon by venepuncture. Serum
was analysed for cardiac troponin I. Data were analy-
sed using a repeated-measures analysis of variance
with Bonferroni correction, with alpha set at 0.05.
Baseline cardiac troponin I concentrations were
below the upper reference limit (0.10 mg  l71) in all
but one athlete, and did not increase above the upper
reference limit during exercise. At the end of the
marathon, mean cardiac troponin I increased above
the reference limit, and was elevated (P50.05)
compared with baseline at 1, 3, 6, and 12 h after the
marathon. Cardiac troponin I peaked between 3 and
6 h after the marathon (mean 0.215 mg  l71,
s¼ 0.089), with all athletes demonstrating cardiac
troponin I concentrations above the reference limit. A
rapid decline in cardiac troponin I occurred thereafter,
with a return to normal values 24 h after the marathon.
The rapid rise and fall of cardiac troponin I
concentrations in the 24 h after the marathon is
indicative of transient myocardial damage (Collinson
et al., 2001: Annals of Clinical Biochemistry, 38,
423 – 449) and is likely to be of cytosolic origin. The
present cardiac troponin I release pattern demon-
strates discrete kinetics compared with the profile
observed following myocardial infarction, which is
characterized by a peak at 15 – 25 h, and a sustained
elevation for several days (Katrukha et al., 1997:
Clinical Chemistry, 43, 1379 – 1385). It is anticipated
that these novel findings will facilitate diagnostic
differentiation between exercise-induced troponin
release and pathologically elevated troponin.
Effects of knee flexor exercise-induced muscle
damage on volitional and magnetically evoked
neuromuscular performance of the knee
extensors
C. Minshull1, N. Gleeson2, M. Walters-Edwards3, &
R. Eston2
1Nottingham Trent University, UK, 2University of
Exeter, UK and 3Marymount University, USA
Optimal performance of the knee musculature is
paramount to the dynamic stabilization of the knee.
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Skeletal muscle is susceptible to ultrastructural
damage following unaccustomed high-intensity
eccentric exercise (Brockett et al., 2002: Journal
of Electromyography and Kinesiology, 10, 293 – 300).
Such exercise-induced muscle damage is associated
with delayed-onset muscle soreness (DOMS), in-
tramuscular swelling responses, and possible
disruption to muscle spindles (Brown et al., 1997:
Journal of Sports Sciences, 15, 215 – 222), and has
functional sequelae that include immediate and
prolonged loss of muscle force and power of up to
70% and 20%, respectively (Byrne et al., 2004: Sports
Medicine, 34, 49 – 69). Its occurrence may have
implications for the neuromuscular performance
capabilities of the reciprocal muscle group (Leger
and Milner, 2001: Medicine and Science in Sports and
Exercise, 33, 612 – 620). This study examined the
effects of exercise-induced muscle damage in the
knee flexors on the voluntary and magnetically
evoked neuromuscular performance of the knee
extensors.
After receiving institutional ethics approval,
volitional and magnetically evoked neuromuscular
performance of the knee extensors of the preferred
leg of 00 males (mean age 28.3 years, s¼ 7.0;
height 1.84 m, s¼ 0.05; body mass 83.0 kg,
s¼ 13.9) was assessed before and up to 168 h after
two treatment conditions: (i) isokinetic eccentric
exercise-induced muscle damage of the knee
flexors, and (ii) a control condition consisting of
no exercise.
The exercise-induced muscle damage condition
was associated with increased serum creatine kinase
(P¼ 0.001) and ratings of perceived soreness
(P¼ 0.001) consistent with the DOMS phenomenon.
Knee flexor volitional static peak force was impaired
(up to 37.5%, P¼ 0.001) throughout. The exercise-
induced muscle damage of the reciprocal
group elicited a decrease in volitional rate of force
development (16.0% at 48 h, P¼ 0.05) of the knee
extensors, but a preservation of all other indices of
volitional (peak force, electromechanical delay) and
magnetically evoked neuromuscular performance
(peak twitch force, rate of force development,
electromechanical delay) throughout the experimen-
tal period.
Any deterioration in neuromuscular performance
capabilities of the knee musculature may offer greater
potential for unregulated loading of the joint and
injury. It was of interest to note that despite the
potential for inhibitory reciprocal innervation, the
negative effects of exercise-induced muscle damage
on neuromuscular performance capabilities appeared
to be confined largely to the musculature in which
damage occurred, with minimal migration of effects
to the reciprocal muscle group.
Fluid and electrolyte balance in recreationally
active individuals during a standard
gym-based cycling class
N. Morgan, H. P. Cowie, F. A. Wallace, &
D. J. Steele
GlaxoSmithKline, UK
There is significant evidence demonstrating that an
individual’s exercise capacity is negatively affected by
dehydration (Coyle, 2004: Journal of Sports Sciences,
22, 39 – 55). As a result, the volume and composition
of fluid intake in the periods before, during, and after
exercise is very important. Such strategies are,
however, dependent on the individual’s sweating
response, which is in part determined by the mode of
exercise in addition to the exercise intensity, dura-
tion, and environmental conditions (Maughan et al.,
2005: Journal of Sports Sciences, 23, 73 – 79).
While recent literature reports values for sweat loss,
sweat composition, and drinking behaviours of ath-
letes training and/or competing in various sports/
climates, there is currently no published information
specific to gym-based exercise classes. The purpose of
this study was to collect descriptive data on sweat loss,
sweat composition, and fluid intake in recreationally
active gym users during a 50-min cycling class.
After receiving institutional ethical approval, ten
volunteers completed a standard 50-min cycling
class in a warm (218C, 65% relative humidity)
environment. Sweat loss was measured from the
change in body mass after correction for fluid intake.
Sweat sodium and potassium concentration were
measured by flame photometry from absorbent
patches applied to the skin at four sites. A
pre-exercise urine sample was also analysed to give
an index of hydration status.
Mean urine osmolality was 637 mOsmol  kg71
(s¼ 333). Mean body mass loss was 0.43 kg (s¼ 0.4,
equivalent to a level of dehydration of 0.55%
(s¼ 0.5). Mean sweat loss once corrected for fluid
intake was 1.02 litres (s¼ 0.3), which is equivalent
to 1.4% (s¼ 0.3) of body mass. Mean fluid intake
was 0.59 litres (s¼ 0.2), while the mean sweat
electrolyte concentrations were 68.6 mmol  l71
(s¼ 20.6) for sodium and 5.9 mmol  l71 (s¼ 1.0)
for potassium.
The results demonstrate a large inter-individual
variability in the sweat loss, sweat composition, and
fluid intake in recreationally active gym users
completing a standard cycling class in the same
environmental conditions. Furthermore, the percen-
tage sweat loss once corrected for fluid intake
demonstrates that an effective fluid strategy is
necessary before, during, and after gym-based
exercise classes to prevent dehydration.
Abstracts 273
D
o
w
n
lo
ad
ed
 B
y:
 [
De
ak
in
 U
ni
ve
rs
it
y]
 A
t:
 0
0:
45
 3
 S
ep
te
mb
er
 2
00
9
Persons working within the gym environment
should utilize simple tools such as urine colour
and pre/post weighing to individualize hydration
guidelines.
Muscle contractile characteristics and aerobic
measures of endurance performance
M. G. Morris1, H. Dawes1, K. Howells1,
R. Ramsbottom1, H. Izadi1, O. M. Scott2, &
M. Cramp2
1Oxford Brookes University and 2University of East
London, UK
Maximal aerobic power ( _V O2max) and the lactate
threshold are strongly related to endurance perfor-
mance. Evidence suggests that muscle fibre char-
acteristics are key determinants of the lactate
threshold and are associated with endurance perfor-
mance (Coyle et al., 1988: Journal of Applied
Physiology, 64, 2622 – 2630). Percutaneous electrical
stimulation offers a non-invasive technique to assess
muscle fatigue characteristics in relation to exercise
performance. We examined the electrically stimu-
lated muscle fatigue characteristics of the quadriceps
in relation to _V O2max and the lactate threshold.
Eleven healthy males (mean age 26.1 years,
s¼ 3.7; stature 1.79 m, s¼ 0.5; body mass 78.1 kg,
s¼ 9.4). The study was approved by the local ethics
committee and informed consent was obtained
(Declaration of Helsinki, 1996).
The participants attended two assessments, 1 week
apart. At the initial assessment, muscle fatigue
characteristics were determined. Quadriceps muscle
fatigue characteristics were assessed seated in an
isometric torque chair, using 3 min of percutaneous
electrical stimulation at 40 Hz controlled via
Neurolog modules (Digitimer, UK). The mean of
the initial four (FI1) and final four contractions (FI2)
was determined and a fatigue index (FI¼FI2/
FI16100) calculated. Half relaxation times, the time
taken for each contraction to reach 50% of its peak
value, were also recorded. At the second assessment,
_V O2max and the lactate threshold were determined
from an incremental cycle protocol with 4-min stages
(20-W increments) performed on an electromagne-
tically braked cycle ergometer (Lode Excalibur Sport,
Groningen, Netherlands). Once blood lactate con-
centration increased 1.0 mmol  l71 above baseline,
exercise intensity increased every minute until voli-
tional exhaustion ( _V O2max taken as the highest 60-s
value). The lactate threshold, defined as an abrupt
and sustained increase in blood lactate concentration
above baseline, was expressed as % _V O2max.
The results were as follows: fatigue index (mean
59.2%, s¼ 8.4), half relaxation time (mean 75.2 ms,
s¼ 9.2), _V O2max (mean 55.3 ml  kg71 min71,
s¼ 8.8), and lactate threshold expressed as % _V O2max
(mean 61.3%, s¼ 6.8). There were strong correlations
between the lactate threshold expressed as % _V O2max
and the fatigue index (r¼ 0.72, P50.01), and
between the lactate threshold expressed as % _V O2max
and the change in half relaxation time (r¼70.84,
P50.01). There was no relationship between _V O2max
and the fatigue index or half relaxation time.
In conclusion, there were strong relationships
between electrically evoked muscle fatigue character-
istics and the lactate threshold expressed as % _V O2max
but not _V O2max. Our data suggest that the
lactate threshold expressed as % _V O2max is directly
related to muscle fatigue characteristics. Further
investigation of these relationships in individuals of
differing endurance training status is warranted.
Differences in fatigue between the sexes during
short bouts of repeated sprint exercise
A. Papaspyrou, G. C. Bogdanis, A. Theos, &
M. Maridaki
University of Athens, Greece
Peak power output is lower in females than in
males and this may be related to a slower decline
of power during sprint exercise (Billaut et al.,
2003: Journal of Applied Physiology, 95, 1632 –
1637). The purpose of the present study,
which had ethical committee approval, was to
examine differences in the pattern of fatigue
between the sexes during repeated bouts of sprint
exercise.
Twelve female (mean age 22.7 years, s¼ 3.5)
and 11 male (mean age 21.4 years, s¼ 2.3) games
players performed 4 – 5 maximal 6-s sprints on a
Monark cycle ergometer against different loads,
with full recovery. From these sprints optimal
braking force was determined (Arsac et al., 1996:
European Journal of Applied Physiology, 74, 100 –
106). On another occasion, the participants
performed seven 6-s sprints, separated by 24 s of
passive recovery, against a resistance equal to
50% optimal braking force. Peak and mean
power output for each sprint were expressed per
unit of lean leg volume (LLV). The data were
analysed using two-way analysis of variance with
repeated measures on one factor and Tukey’s
post-hoc test.
Peak power output per unit leg volume in sprint 1
was 33% higher in men than women, while this
difference was reduced to 14% in sprint 7. The
decrease in peak power output relative to sprint 1 was
similar in males and females for the first three
sprints, but thereafter males exhibited an increasingly
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higher percent drop of peak power output than
females (Table I).
The higher power output of males in sprint 1 may
be explained by a higher glycolytic rate (Russ et al.,
2005: Muscle and Nerve, 32, 647 – 655). The fact that
differences in power output between males and
females were reduced with sprint repetition supports
the above arguments, since previous research has
shown that glycolysis is inhibited towards the end of
a series of repeated sprints, leaving phosphocreatine
and aerobic metabolism as the main contributors to
energy supply (Gaitanos et al., 1993: Journal of
Applied Physiology, 75, 712 – 719). These results
would suggest that the different pattern of fatigue
in males and females may reflect differences in
muscle metabolism between the sexes.
Exercise response to training in sprint
kayakers during acclimatization to 1850 m
C. Pedlar1,4, G. Burton2, G. Whyte3, &
R. Godfrey4
1English Institute of Sport, 2GB Canoeing, National
Water Sports Centre, 3English Institute of Sport and
4Brunel University, UK
Physiological markers of training intensity (heart
rate, blood lactate concentration) are altered at
moderate altitude; however, limited data exist
describing the kinetics of adjustment of these
parameters in elite athletes during acclimatization.
Consequently, there is the risk that an athlete’s
training load can be mismanaged at altitude. The
aim of the present study was to characterize heart
rate and blood lactate responses to exercise at
altitude over a number of days’ acclimatization, to
help inform athletes training at altitude.
The participants were 13 elite GB sprint kayakers,
training to race 500 m or 1000 m (mean age 22.8
years, s¼ 3.6; height 1.76 m, s¼ 0.08; body mass
76.4 kg, s¼ 8.8). Serial measures of heart rate and
blood lactate concentration during a four-stage
discontinuous incremental test on a kayaking erg-
ometer (Dansprint, Denmark) were taken at sea level
(SL1) and on days 1, 3, 5, 10, and 20 of a 21-day
camp for women (n¼ 7), and days 2, 4, 6, 9, and 12
of a 14-day camp for men (n¼ 6). Heart rate and
blood lactate responses to a reference power output
are displayed in Figure 1. The data were analysed
using univariate analysis of variance with P set at 0.05.
In females, significant differences were observed
between blood lactate concentrations at sea level and
on days 3 and 5 at altitude (F6,39¼ 2.724, P¼ 0.030,
observed power¼ 0.79). In males, significant differ-
ences were observed between blood lactate concen-
trations at sea level and on day 4 at altitude
(F6,38¼ 2.535, P¼ 0.041, observed power¼ 0.76).
For all participants, heart rate appears to be elevated
at altitude, although not significantly so.
In conclusion, there is a clear uncoupling of heart
rate and blood lactate parameters during exercise at
altitude, as has been previously reported. After 12 days
Table I. Peak power output (PPO) in sprint 1 and percent PPO relative to sprint 1.
%PPO sprint 1
Sprint number
PPO sprint 1 (W  l71 LLV) 2 3 4 5 6 7
Males 155+ 12 95+ 4% 88+4% 80+ 5% 75+5% 71+ 7% 69+ 7%
Females 116+ 13 98+ 5% 91+4% 88+ 5% 86+5% 85+ 6% 81+ 7%
P (M vs. F) 50.01 0.88 0.38 50.01 50.01 50.01 50.01
Figure 1. Heart rates and blood lactate responses for (A) males and
(B) females. Values represent means, error bars represent one
standard deviation. *Significant difference from baseline values
(P5 0.05).
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at altitude, the blood lactate concentration of male
athletes had not returned to sea-level values, indicating
that acclimatization was still not complete. Between 12
and 20 days are required to achieve exercise acclima-
tization to altitude in sprint kayakers. Further work is
required to establish if this protracted time-course for
acclimatization is specific to sports where upper body
muscle mass activation predominates.
Physiological responses to an endurance
canoe expedition: A case study
S. M. Pinner1, J. MacDonald2, S. Laing2, &
J. Thom2
1Manchester Metropolitan University and 2University
of Wales, Bangor, UK
The aim of this case study was to examine energy
expenditure, energy intake, and body composition
changes in a male canoeist (age 37 years, body mass
75 kg, height 1.73 m) during an endurance canoe
expedition (Ghana descending the White Volta, Lake
Volta, and Volta River) over 32 days. The distance
covered was 1071 km.
The canoeist was supplied with an Army ration
pack (Wayfayrer Foods, UK) providing 16.8 kJ per
day; however, a mean of *13.8 kJ of the pack was
consumed each day. In addition, approximately 4
litres of water were consumed daily. Energy intake
was recorded continuously via a nutritional diary.
Heart rate was recorded every 30 s throughout the
exercise periods using a Polar heart rate monitor
(POLAR Electro Oy, Finland). Energy expenditure
was estimated using the individual relationship
between heart rate and oxygen uptake ( _V O2)
determined under laboratory conditions.
Before and after the expedition, body composition,
isometric leg force, and maximal oxygen uptake
( _V O2max) were measured. Body composition was
assessed using dual-energy X-ray absorptiometry
(QDR1500, Hologic, USA). Bilateral knee extension
strength was assessed using an isometric chair
(Bodycare Products, UK). Assessment of _V O2max
was conducted on a kayak ergometer (K1 Ergo,
ACT, Australia) and volume of oxygen ( _V O2) was
measured continuously using an online gas analysis
system (Cortex Metalyser 3B, Germany).
The canoeist lost 3.5 kg body mass during
the expedition, corresponding to 22,000 kcal
(*92.5 MJ). Fat mass was reduced by 1.6 kg
(14,400 kcal; *60.5 MJ) and fat-free mass by
1.9 kg (7600 kcal; *32 MJ). Appendicular lean
mass was reduced by 1.3 kg, corresponding to a
reduction in force from 810 N to 646 N. Maximal
oxygen uptake fell from 2.5 to 2.1 litres min71
(34 to 29 ml  kg71 min71). Energy expenditure
during the whole trip was approximately
135,076 kcal (*567 MJ) and energy intake was
approximately 105,600 kcal (443 MJ). The energy
deficit was calculated as the difference between
energy intake and energy expenditure.
The canoeist in this study was a civilian employed
to lead a British Armed Forces expedition. If all of
the ration pack had been consumed, the energy
deficit would have been negligible and less muscle
mass might have been lost throughout the trip. In
addition, it might have been more beneficial for the
expedition members if the water consumed was
mixed with a carbohydrate and protein mix to
encourage hydration and prevent an energy deficit.
The effect of sodium bicarbonate ingestion
on intermittent running and subsequent
performance
M. J. Price & C. Simons
Coventry University, UK
Previous work has indicated that ingestion of sodium
bicarbonate may help maintain power output during
30 min of intermittent cycling (Price et al., 2003:
Medicine and Science in Sports and Exercise, 35, 1303 –
1308). However, the effects of sodium bicarbonate
ingestion on 30 min of intermittent running, a mode
of exercise often used to examine intermittent exercise
responses (see Billat, 2001: Sports Medicine, 31, 75 –
90), has yet to be examined and may benefit training
regimes. The aim of this study was to examine the
effect of sodium bicarbonate ingestion on intermittent
interval running and subsequent performance.
Eight healthy male squash players volunteered to
take part in this study, which had received university
ethics committee approval. After the completion
of a preliminary test for maximal oxygen uptake
( _V O2max), the participants undertook two intermit-
tent running protocols on a motorized treadmill 1 h
after ingestion of sodium bicarbonate (0.3 g  kg body
mass71) or sodium chloride placebo (0.045 g  kg
body mass71). Each protocol involved 20624-s
sprints at the velocity at which _V O2max was achieved
(v- _V O2max) with 36 s passive recovery between each
sprints. The participants then undertook a run to
volitional exhaustion at 120% v- _V O2max. Capillary
blood samples were taken for analysis of pH, blood
lactate concentration, and blood bicarbonate at rest,
after ingestion, after sprints 5, 10, 15, and 20, and
after the performance run. Expired air samples were
collected every five sprints. Data were analysed by
two-factor (trial6time) repeated-measures analysis
of variance.
Blood pH and bicarbonate increased after
ingestion of sodium bicarbonate (blood pH: mean
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7.45 mmol  l71, s¼ 0.02; blood bicarbonate: mean
30 mmol  l71, s¼ 2) when compared with pre-
ingestion values (blood pH: mean 7.40 mmol  l71,
s¼ 0.02, P¼ 0.008, effect size [ES]¼ 0.78; blood
bicarbonate: mean 25 mmol  l71, s¼ 1, P¼ 0.000;
ES¼ 0.85). No changes were observed after the
ingestion of sodium chloride. Blood pH decreased
after 5 min of exercise in both trials, returning to near
pre-exercise values by the end of sprint 20. The
difference in pH and blood bicarbonate between trials
was maintained throughout exercise and subsequent
performance (P¼ 0.001, ES¼ 0.71 and P¼ 0.0001,
ES¼ 0.85, respectively). Blood lactate concentration
was similar during the intermittent sprints for the
sodium bicarbonate and sodium chloride trials (mean
3.9 mmol  l71, s¼ 2.8 and mean 3.4 mmol  l71,
s¼ 1.2, respectively; P¼ 0.52, ES¼ 0.09) but greater
after the performance run (P¼ 0.02, main effect for
trial, ES¼ 0.46). No differences were observed for
performance time between trials (mean 78 s, s¼ 22
and mean 75 s, s¼ 22 for sodium bicarbonate and
sodium chloride, respectively; P¼ 0.81, ES¼ 0.07).
These results suggest that when intermittent
running at 100% v- _V O2max is undertaken or
blood lactate concentrations of approximately
3.5 mmol  l71 are elicited, sodium bicarbonate
ingestion demonstrates no ergogenic effect.
Non-linear analysis of cardiac autonomic
control in physically active, healthy young
women
R. Ramsbottom, K.-J. M. Hackett, & M. Gilder
Oxford Brookes University, UK
Heart rate variability, as determined by intervals
between ECG R waves, is a predictor of cardiac
autonomic health (Kleiger et al., 2005: Annals of
Non-invasive Electrocardiography, 10, 88 – 101) and
an indicator of over-training in athletes (Mourot
et al., 2004: Clinical Physiology and Functional
Imaging, 24, 10 – 18). The utility of this approach
depends upon the analytical techniques used to
interrogate R – R interval data. Linear methods using
frequency domain (spectral) analysis have demon-
strated some differences between endurance-trained
and sedentary young women (Middleton & De Vito,
2005: Clinical Physiology and Functional Imaging, 25,
83 – 89). The aim of the present study was to
investigate the potential of a non-linear technique
for analysis of heart rate variability, Poincare´ analysis,
in differentiating between individuals exercising at
‘‘high’’ and ‘‘moderate’’ levels of physical activity.
Ten highly active competitive rowers (mean age
22.8 years, s¼ 1.5) and 10 moderately active non-
rowers (mean age 23.5 years, s¼ 1.5) consented to
participate in the study, which had university ethical
approval. Current training status was assessed using
criteria established in the Allied Dunbar National
Fitness Survey (Sports Council and Health Educa-
tion Authority, 1992). After a set stabilization period,
R – R interval data were collected continuously using
short-range telemetry (Polar S810i, Kemple, Fin-
land), with the participants supine (20 min) and then
while standing (5 min). Raw data were analysed
using time domain, frequency domain, and non-
linear (Poincare´) techniques (HRV Analysis Soft-
ware, Biosignal Analysis and Medical Imaging
Group, University of Kuopio, Finland).
Statistical analysis of Poincare´ variables including
SD1, which predominantly reflects short-term para-
sympathetic control of heart rate variability, and SD2,
which reflects more complex physiological control of
long-term heart rate variability, revealed significant
differences between the two groups both when supine
(SD1 mean ‘‘moderate’’, 41.5 ms and mean ‘‘high’’,
69.9 ms, P50.05; SD2 mean ‘‘moderate’’, 91.3 ms
and mean ‘‘high’’, 124.6 ms, P50.05) and standing
(SD1 mean ‘‘moderate’’, 22.2 ms and mean ‘‘high’’,
43.6 ms, P50.05; SD2 mean ‘‘moderate’’, 76.6 ms
and mean ‘‘high’’, 127 ms, P50.05). No difference
between groups was observed using linear frequency
domain (spectral) analysis (autoregression technique)
for low- (LF) or high-frequency (HF) power, or their
ratio (LF/HF).
The results suggest that differences in heart rate
variability exist between ‘‘highly’’ and ‘‘moderately’’
active women, and that Poincare´ analysis may
provide a more sensitive method for investigating
heart rate variability between groups of differing
activity status, compared with linear frequency
domain methods such as spectral analysis.
The effect of body size on performance on the
National Firefighter Selection Tests
V. L. Richmond, D. M. Wilkinson, M. P. Rayson,
S. D. Blacker, & J. M. Carter
Optimal Performance Limited, UK
Bilzon et al. (2001: Occupational Medicine, 51, 357 –
361) have suggested that field tests of aerobic fitness
should not be used to predict performance on
occupational load-carrying tasks, as they incur a
systematic bias against heavier personnel. The UK
Fire and Rescue Service (FRS) is currently replacing
its former aerobic fitness selection standard
(45 ml  kg71 min71 or Level 9/5 on the multi-
stage fitness test, MSFT) and other strength tests
with a new battery of job-related tests, the most
aerobically demanding being the Equipment Carry
Selection Test (ECST). This study investigated the
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influence of body mass on the relationship between
performance on the MSFT and ECST.
After receiving ethical approval, 60 FRS applicants
(33 males, 27 females; mean age 28.8 years, s¼ 7.1;
body mass 73.2 kg, s¼ 12.2) performed the MSFT
and the ECST on separate occasions. The MSFT
was performed in a gymnasium wearing sports kit.
The ECST was performed along a 25-m tarmac area
wearing fire clothing (10 kg). The ECST covers
550 m and involves dragging a hose (25 m), carrying
2615-kg hose (100 m), carrying a 12-kg suction
hose and basket (100 m), and carrying a 33-kg light
portable pump simulator (100 m). Applicants walk
or run between these activities.
Multiple regression with backward elimination was
used to explore the effect of body size on perfor-
mance. The variables eliminated in order of removal
were percent body fat (P¼ 0.88), age (P¼ 0.81), sex
(P¼ 0.32), and height (P¼ 0.38). Both ECST speed
(P5 0.01) and body mass (P¼ 0.09) predicted
MSFT time (s) in the equation MSFT time (s)¼
7107.2þ (ECST speed (m  s71)6430.8)7 (body
mass (kg)61.97); r2¼ 0.43 and standard error of the
estimate¼ 96.0 s. Assuming an ECST pass standard
of 347 s, 50 kg, and 100 kg, applicants would need
to achieve levels 8/6 and 6/7 on the MSFT,
respectively.
These results confirm that simple field tests of
aerobic fitness should not be used to select applicants
for occupations involving load-carrying tasks unless
body mass is taken into account, as they discriminate
against heavier individuals. Using job-related selec-
tion tests overcomes this limitation and is recom-
mended in this instance.
The effects of the Aquatrainer1 on respiratory
and _VO2 kinetics parameters during an
incremental and constant-load cycling test
B. Roels1, G. P. Millet2, D. Malatesta3, &
F. Borrani3
1Brunel University, UK, 2Academy for Sports
Excellence, Qatar and 3ISSEP, Switzerland
The purpose of this study was to compare the
respiratory and _V O2 kinetics parameters in an
incremental and constant-load laboratory cycling
test using a conventional facemask (K4b2, Cosmed,
Italy) and the Aquatrainer1 (Cosmed, Italy). The
Aquatrainer1 is a respiratory snorkel designed for
breath-by-breath gas analysis in swimming.
On a cycle ergometer (Monark Exercise AB,
Sweden) and in two randomized conditions (i.e.
conventional mask and snorkel), eight well-trained
triathletes (mean age 30 years, s¼ 7) per-
formed a maximal incremental test to exhaustion
(30 W min71) to determine the first ventilatory
threshold (VT1) and maximal oxygen consumption
( _V O2max). After this test, the athletes had a controlled
recovery period of 35 min, followed by an 8-min
constant cycling test at Delta25% [¼VT1þ
0.256( _V O2max7VT1)]. Gas exchanges were mea-
sured breath-by-breath by K4b2 (Cosmed, Italy)
during both tests. Passing-Bablock regression was
performed on the measurements during the incre-
mental test (Borrani et al., 2001: Journal of Applied
Physiology, 90, 2212 – 2220). The _V O2 kinetics para-
meters during the Delta25% test were analysed by a
two-mono-exponential functions model (i.e. for the
primary and slow component phase) and by
the bootstrap method (i.e. recalculating 1000 times
the original parameters to measure the variability
(coefficient of variation, %) with the modelled para-
meters). The differences between the two masks were
tested with repeated-measures analysis of variance.
The main result of this study is that the value and
the variability of the respiratory and _V O2 kinetics
parameters during an incremental and constant-load
cycling exercise were not significantly modified
(P4 0.05) using the Aquatrainer1. The primary
component reflects the adjustment of aerobic energy
supply towards the oxygen demand of the active
muscles. The present study found that the variability
of this primary component was not significantly
different between the facemask and snorkel (coeffi-
cient of variation¼ 20.3 and 24.0% respectively) and
that it was in accordance with previous studies
(20.4%: Borrani et al., 2001; 18.0%: Millet et al.,
2003: European Journal of Applied Physiology, 90, 50 –
57) of running exercise tests. This study is also in
accordance with the study of Keskinen et al. (2003:
Scandinavian Journal of Medicine and Science and
Sports, 13, 322 – 329), who reported a slight under-
estimation of the ventilatory parameters using the
snorkel during incremental tests.
In conclusion, the use of the Aquatrainer1 gives a
slight non-significant underestimation but does not
modify the respiratory and _V O2 kinetics parameters.
The effect of carbohydrate supplementation
on salivary IgA during intermittent exercise
in the heat
V. Sari-Sarraf1,2, T. Reilly1, D. Doran1, &
G. Atkinson1
1Liverpool John Moores University, UK and
2Tabriz Universities, Iran
Exercise in a thermally stressful environment appears
to have an additive effect on disturbances of the
immune system compared with heat alone (Shephard
and Shek, 1999: Critical Review of Immunology, 19,
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285 – 302). It has been suggested that ingestion of
carbohydrate before and at regular intervals during
exercise may attenuate perturbations in immune
function (Gleeson et al., 2004: Journal of Sports
Sciences, 22, 115 – 125). The aim of the current study
was to examine the effects of carbohydrate supple-
mentation before and at regular intervals during
soccer-specific intermittent exercise in the heat on
salivary immunoglobulin A (s-IgA) responses.
Ten males (mean age 25.7 years, s ¼ 1.7; height
1.77 m, s¼ 0.02; body mass 74.2 kg, s¼ 2.0;
_V O2max 62.6 ml  kg71 min71, s¼ 1.8) provided
written informed consent. Laboratory-based inter-
mittent running patterns specific to soccer (Drust
et al., 2000: Journal of Sports Sciences, 18, 855 – 892)
were performed at 308C on two occasions, one week
apart. In a double-blind design, each participant
received either a volume of carbohydrate solution or
flavoured electrolyte solution (placebo) based on his
body mass (3 ml  kg71), 5 min before exercise, after
15 and 30 min, at half-time, and at 60 and 75 min
into the exercise trial.
Timed unstimulated whole-saliva samples were
collected before exercise and up to 48 h after exercise
for analysis (Salimetrics, USA). Differences were
examined using a two-factor analysis of variance
(ANOVA) with repeated measures as appropriate.
Salivary flow rate (main effect of time: F1.8, 12.6¼
4.9, P5 0.05) increased throughout the placebo
treatment and decreased throughout the car-
bohydrate treatment (interaction: F2.1,14.9¼ 4.4,
P5 0.05). The difference between conditions
neared statistical significance (P¼ 0.055). Salivary
IgA concentration was unaffected by condition and
did not differ at any time after exercise (P4 0.05).
The s-IgA secretion rate increased (placebo: from
mean 81.6 mg min71, s¼ 16.2 to mean 112
mg min71, s¼ 42; carbohydrate: 96.4 mg min71,
s¼ 20 to mean 156.6 mg min71, s¼ 52) after
exercise compared with before exercise (main effect
of time: F2,14¼ 3.9, P¼ 0.03), but was not signifi-
cantly different between the carbohydrate and
placebo trials (P4 0.05), in line with the study of
Bishop et al. (2000: Medicine and Science in Sports
and Exercise, 32, 2046 – 2051). In conclusion, s-IgA
concentration and secretion rate did not differ
between the carbohydrate and placebo trials.
The effects of exercise-thermal dehydration
on an amateur boxing-related task
M. S. Smith, D. Paice, J. Leyland, & B. Hale
University of Chichester, UK
International amateur boxers are known to reduce
their body weight immediately before the official
weigh-in through combining active and passive
weight loss methods (Smith, 1998: Sport specific
ergometry and the physiological demands of amateur
boxing. PhD thesis, Southampton University). A
popular active rapid weight loss technique practised
at major multi-nation tournaments is exercising in
plastic clothing. The effect of such strategies on
boxing performance is unknown.
Six novice boxers (mean age 25.5 years, s¼ 4.7;
height 1.81 m, s¼ 0.09; body mass 74.2 kg,
s¼ 15.3 kg) performed three simulated boxing con-
tests of four 2-min rounds with a 1-min seated
recovery under baseline, euhydrated, and exercise-
thermal dehydrated conditions in a randomized
cross-over design. A 7-day recovery period followed
each contest simulation. In the euhydrated trial
(wearing shorts and T-shirt) and exercise-thermal
dehydrated trial (wearing shorts, T-shirt, and plastic
clothing), the participants cycled for 104 min
(s¼ 10) min at 92 W (s¼ 5) (Monark 814 E,
Sweden). Punching force (N) was recorded from
76 straight punches per round using a purpose-built
boxing dynamometer (Smith et al., 2000: Journal of
Sports Sciences, 18, 445 – 450). Total footwork
distance was recorded using video analysis of 53
prescribed front foot movements per round. Heart
rate (fc) was monitored continuously (Polar Vantage
NV, Kempele, Finland) and blood lactate deter-
mined 4 min after exercise from a 50-ml finger-prick
sample (2300STAPlus, YSI, Ohio). Body mass was
maintained in the euhydrated trial but decreased
2.3% (s¼ 0.3) in the exercise-thermal dehydrated
trial (Avery Scales, Birmingham, calibrated+
100 g).
One-way analyses of variance and follow-up tests
showed significant (P5 0.05) decreases in total
footwork distance covered in the exercise-thermal
dehydrated (D) versus euhydrated (E) trial, and
exercise-thermal dehydrated versus baseline (B) trial
(F2,10¼ 8.27, P¼ 0.008 [D trial: mean 383 m,
s¼ 108; E trial: mean 442 m, s¼ 111; B trial:
467 m, s¼ 124]. No difference in punching force
was recorded between the exercise-thermal dehy-
drated trial (mean 310,686 N, s¼ 31,175) and either
the euhydrated (mean 322,053 N, s¼ 30,966) or
baseline trial (mean 288,324 N, s¼ 31,176)
(P4 0.05). However, a 11.7% increase in punching
force was recorded for the euhydrated versus base-
line trial (F2,10¼ 6.096, P¼ 0.019). No difference in
blood lactate or heart rate response was recorded
between conditions (P4 0.05).
In conclusion, rapid thermal-dehydration resulted
in a 13.4% decrease in total footwork distance
covered. This may place the boxer at a performance
disadvantage in terms of being less able to man-
oeuvre around a fellow competitor and consequently
increase the risk to a boxer’s health.
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Effects of a 12-month training programme on
tendon properties in elderly women
J. M. Thom1,2, C. Morse2, O. Mian2, &
M. Narici2
1University of Wales, Bangor and 2Manchester
Metropolitan University, UK
Previous research on the effect of resistance
training on tendon properties in the elderly is
limited, thus this study aimed to determine
the effects of a 12-month training programme
on gastrocnemius tendon properties of elderly
females.
Fourteen community-dwelling, healthy, recrea-
tionally active female volunteers participated in this
study and were randomly allocated into a training
[n¼ 7; mean age 74.3 years, s¼ 3.0 (range 70 – 80
years); height 1.58 m, s¼ 0.06; body mass 62.1 kg,
s¼ 14.6] or control [n¼ 7; mean age 74.1 years,
s¼ 4.4 (range 69 – 82 years); height 1.59 m,
s¼ 0.04; body mass 62.3 kg, s¼ 9.8] group. The
training group completed a 12-month programme
that consisted of resistance exercises, aerobics,
walking, and tai chi, with two supervised and one
home-based session per week, while the control
group maintained their normal daily activities. The
participants performed three maximal isometric
voluntary contractions of the plantar flexors on an
isokinetic dynamometer (Cybex Norm, USA) lying
prone with an ultrasound probe over the gastro-
cnemius lateralis myotendinous junction. Tendon
stiffness was calculated from the force-elongation
curves (Reeves et al., 2005: Journal of Applied
Physiology, 98, 2278 – 2286). Young’s modulus¼
stiffness6tendon length/tendon cross-sectional
area.
Stiffness increased in the training group following
the 12-month training programme (before:
16.1 N mm71, s¼ 6.4; after: 29.6 N mm71,
s¼ 11.4; P¼ 0.01) but there was no change in the
control group (before: 15.0 N mm71, s¼ 6.9; after:
16.9 N mm71, s¼ 3.3). Young’s modulus also
increased in the training group following the 12-
month programme (before: 535 N mm71, s¼ 217;
after: 995 N mm71, s¼ 325; P5 0.01) but again
there was no change in the control group (before:
463 N mm71, s¼ 198; after: 534 N mm71,
s¼ 116). Following training, the elderly tendon
properties were similar to those of younger females
(n¼ 8; mean age 27.6 years, s¼ 2.5; height: 1.63 m,
s¼ 0.06; body mass 62.7 kg, s¼ 6.7; stiffness
25.1 N mm71, s¼ 15.0; Young’s modulus
900 MPa, s¼ 468; Narici et al., under review).
In conclusion, tendon stiffness and Young’s
modulus of elderly females can be increased with
training. The elderly tendon properties following 12
months of exercise training increased in value to
resemble those of young females.
This study was supported by EC Framework V
funding (No. QLRT-2001-00323).
Motor proficiency and selected fitness
parameters of Greek school-aged children
G. D. Tsiotra1, A. M. Lane1, A. M. Nevill1, &
Y. Koutedakis1,2
1University of Wolverhampton, UK and 2University
of Thessaly, Greece
Little is known about the relationship between motor
proficiency and fitness. Recent data indicate that
motor proficiency of children is affected by selected
fitness components such as body fat and predicted
maximal oxygen uptake ( _V O2max) (Tsiotra et al.,
2006: Journal of Adolescent Health, in press). The
purpose of this study was to establish whether this is
also the case with other fitness parameters.
In total, 156 (75 males, 81 females) Greek
children (mean age 11.7 years, s¼ 0.49; body mass
46.5 kg, s ¼ 10.2; height 1.50 m, s¼ 0.07; body mass
index 20.3, s¼ 3.4) volunteered to participate in the
study. The sample was randomly drawn from seven
(5% of all elementary schools of the urban area of
Trikala City, Greece) of 32 elementary schools.
Ethical approval was obtained by the University of
Wolverhampton Ethics Committee and the Greek
local authorities. All children underwent assessments
for anthropometry, motor proficiency using the
Bruininks-Oseretsky Test of Motor Proficiency-
Short Form (BOTMP-SF), flexibility, vertical jump,
hand strength, 40-m speed, and predicted _V O2max.
The body mass index (BMI) was calculated
(kg m72) for all children.
The BOTMP-SF scores were significantly corre-
lated with vertical jump (r¼ 0.52, P¼ 0.00), hand-
grip strength (r¼ 0.28, P¼ 0.01), and 40-m sprint
(r¼70.06, P¼ 0.00) for males, and with _V O2max
(r¼ 0.39, P¼ 0.00), vertical jump (r¼ 0.45,
P¼ 0.00), 40-m sprint (r¼70.53, P¼ 0.00), and
BMI (r¼70.23, P¼ 0.04) for females.
The results of the present study confirm that
children with enhanced motor proficiency are super-
ior in specific fitness tests. The differences observed
between the sexes may be partly attributed to the fact
that Greek males are more physically active than
females (Manios et al., 1999: Journal of Sports
Medicine and Physical Fitness, 39, 24 – 30).
Future studies should utilize larger groups of
children and include other parameters, such as
maturity status.
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A 3-min all-out test to establish the parameters
of the power – duration relationship
A. Vanhatalo & M. Burnley
University of Wales, Aberystwyth, UK
The power – duration relationship is defined by two
parameters: the critical power, which is the highest
sustainable work rate, and the W0, which indicates
the fixed amount of work that can be performed
above the critical power. Despite its importance as a
physiological concept, the need to perform numer-
ous exhaustive exercise tests to establish the power –
duration relationship means that it is rarely deter-
mined experimentally. Theoretically, the W0 remains
constant regardless of the rate at which it is
expended, and once the entire W0 has been utilized
the work rate must fall to or below the critical power
(Fukuba & Whipp, 1999: Journal of Applied Physiol-
ogy, 87, 853 – 861). Therefore, it should be possible
to utilize the entire W0 in a sufficiently long bout of
all-out exercise, at the end of which the highest
power output that could be elicited should equal the
critical power. The purpose of this study was to
compare the end power (EP) and work done above
end power (WEP) in a 3-min all-out cycling test with
the critical power and the W0 estimates from a
conventional protocol.
After receiving ethical approval, ten individuals
completed a ramp test to determine maximal oxygen
uptake ( _V O2max), a critical power protocol of five
predicting trials, and a 3-min all-out cycling test
against fixed resistance on an electrically braked
cycle ergometer (Lode Excalibur Sport, Groningen,
The Netherlands). The critical power and W0
parameters were estimated from the linear work –
time regression model (work done¼ critical power6
timeþW0). The EP was calculated as the average
power output over the final 30 s of the 3-min test and
the WEP as the power – time integral above end
power.
The intra-class correlation coefficient for EP
(mean 287 W, s¼ 55) and critical power (mean
287 W, s¼ 56) was r¼ 0.99 with a typical error of
4 W (1.6%), and for WEP (mean 15.0 kJ, s¼ 4.7)
and W0 (mean 16.0 kJ, s¼ 3.8) r¼ 0.84 with a typical
error of 1.8 kJ (12.3%). Thus, the power output in a
3-min all-out cycling test was found to decline to a
relatively steady value, which was indistinguishable
from critical power, while the work done above end
power was strongly related to, though slightly lower
than, W0.
In conclusion, a 3-min all-out test may offer an
attractive alternative to the conventional protocol of
repeated exhaustive exercise testing to determine the
power – duration relationship.
The effect of cool water ingestion on
gastrointestinal pill temperature
D. M. Wilkinson, V. L. Richmond, J. M. Carter,
S. D. Blacker, & M. P. Rayson
Optimal Performance Ltd, UK
The accurate measurement of core temperature
could minimize the risk of heat illness while
maximizing operational effectiveness in workers
subjected to high thermal strain (Muir et al., 2001:
Ergonomics, 44, 962 – 972). At present, only the
ingestible gastrointestinal temperature pill provides
an acceptable method with which to monitor core
temperature in the occupational setting. However,
while the validity of intestinal temperature has been
established during many controlled laboratory stu-
dies, no study has quantified the effect of fluid
ingestion on gastrointestinal pill temperature. The
aim of this study was to quantify the effect of cool
water ingestion upon gastrointestinal pill tempera-
ture.
After receiving ethical approval, 10 operational
firefighters ingested a gastrointestinal temperature
pill (HQ Inc., USA) before overnight sleep. Two
hours after breakfast and 11.5 h after ingesting the
first pill, the firefighters ingested a second gastro-
intestinal temperature pill before performing 8.5 h
of intermittent activity. The intermittent activity
consisted of repetitive cycles of 30 min of seated
rest followed by 30 min of general firefighter
duties. During the first 2 min of each 30-in rest
period, the firefighters consumed 250 ml of chilled
water (5 – 88C). A non-standardized meal was con-
sumed approximately 4.2 h after ingestion of the
second pill.
Table I. Median, maximum, and minimum temperature difference [pill 1 temperature (T1pill) – pill 2 temperature (T2pill)] within each
hourly cycle of rest/activity following ingestion the second pill.
Hourly rest/activity cycle 1 2 3 4 5 6 7 8 9
Median T1pill 7 T2pill (8C) 11.2 3.8 3.4 0.5 0.9 0.3 0.4 0.2 0.3
Max. T1pill 7 T2pill (8C) 15.9 11.9 10.1 8.2 8.9 1.1 1.1 3.0 6.3
Min. T1pill 7 T2pill (8C) 7.0 0.6 70.2 70.1 0.1 70.1 0.1 0.1 0.0
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Water ingestion had a highly variable effect in
reducing the gastrointestinal pill temperature of pill 2
in comparison with pill 1 (Table I). In general, the
reduction in the gastrointestinal pill temperature of
pill 2 became progressively smaller as time after
ingestion increased. In some firefighters, the differ-
ence in gastrointestinal pill temperature of pills 1 and
2 became negligible (+0.18C) after 3 h, whereas in
others large differences (6.38C) were still apparent
8 h later. These results suggest that the gastrointest-
inal pill temperature of pill 2 was affected by direct
contact with the water and/or general cooling of an
area within the abdominal cavity.
Our results show that a gastrointestinal pill
ingested up to 8 h before monitoring cannot be used
to measure core temperature accurately when cool
fluids are regularly ingested.
This work was funded by the Home Office’s
CBRN Science and Technology Programme.
Validity of a squash-specific fitness test
M. Wilkinson1 & E. M. Winter2
1Northumbria University and 2Sheffield Hallam
University, UK
Attempts to produce valid and controlled tests of
squash-specific fitness are challenged by the need to
have linear increases in exercise intensity (Girard
et al., 2005: British Journal of Sports Medicine, 39,
921 – 926) that also replicate the stochastic nature of
match-play (Steininger & Wodick, 1987: British
Journal of Sports Medicine, 21, 23 – 26). Accordingly,
the purpose of this study was to try and meet these
challenges and examine the validity of a squash-
specific incremental test that comprised randomized
movements.
After receiving institutional ethics approval, eight
trained squash players (mean age 29.6 years, s¼ 9.4;
stature 1.77 m, s¼ 0.05; body mass 69.4 kg, s¼ 6.7)
and eight trained distance runners (mean age 30.0
years, s¼ 11.2; stature 1.80 m, s¼ 0.04; body mass
81.3 kg, s¼ 10.2) who were fully habituated to the
procedures participated in the study. In a counter-
balanced order they performed incremental treadmill
and squash-specific tests to volitional exhaustion
separated by at least 48 h. Breath-by-breath oxygen
uptake ( _V O2) and heart rate were recorded con-
tinuously using a portable telemetric system (Meta-
max 3B, Cortex). Performance time was recorded to
the nearest second. The results are shown in Table I.
After verification of underlying assumptions,
independent t-tests revealed a longer duration for
squash players on the squash test (t14¼ 3.638,
P¼ 0.003, effect size¼ 1.83) but no difference in
_V O2max or peak heart rate. Conversely, runners
exercised longer on the treadmill (t14¼72.84,
P¼ 0.013, effect size¼ 1.42) and achieved a higher
_V O2max (t14¼72.43, P¼ 0.029, effect size¼ 1.22).
Paired t-tests indicated that squash players achieved
higher _V O2max on the squash test than on
the treadmill test (t7¼ 3.105, P¼ 0.017, effect
size¼ 0.4).
Superior performances of participants in their
habitual exercise modes probably reflect sport-
specific adaptations to those movement patterns.
The results suggest that the squash test is a valid
means to assess physiological responses and endur-
ance performance of squash players.
Reproducibility of a squash-specific fitness test
M. Wilkinson1 & E. M. Winter2
1Northumbria University and 2Sheffield Hallam
University, UK
Previous attempts to produce ecologically valid and
controlled tests of squash-specific fitness have tended
not to report reproducibility of measures (Girard
et al., 2005: British Journal of Sports Medicine, 39,
921 – 926; Steininger & Wodick, 1987: British
Journal of Sports Medicine, 21, 23 – 26). Accordingly,
the purpose of this study was to assess reproducibility
of measures from a squash-specific incremental test.
After receiving institutional ethics approval, eight
trained squash players (mean age 29.6 years, s¼ 9.4;
stature 1.77 m, s¼ 0.05; body mass 69.4 kg, s¼ 6.7),
who were fully habituated to the procedures,
performed an incremental squash test to volitional
exhaustion on two occasions separated by 7 days.
Breath-by-breath oxygen uptake ( _V O2) and heart
Table I. Performance time, _V O2max and peak heart rate of squash players and runners from incremental treadmill and squash tests
(values are mean, s).
Treadmill test Squash test
Time (s)
_V O2max
(ml  kg71 min71)
Peak heart rate
(beats min71) Time (s)
_V O2max
(ml  kg71 min71)
Peak heart rate
(beats min71)
Squash players (n¼ 8) 343+ 115 49.6+7.3 191+13 775+ 103 52.2+7.1 190+ 7
Runners (n¼8) 521+ 135 58.6+7.5 183+10 607+ 81 56.6+4.8 182+ 11
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rate were determined continuously by a portable
telemetric system (Metamax 3B, Cortex). Blood
lactate concentration at the end of 4-min stages was
assessed for the determination of lactate threshold.
Once this threshold was determined, test speed was
increased every minute until fatigue for assessment of
_V O2max, peak heart rate, and performance time.
Economy was taken as the 60-s mean of _V O2 in the
final minute of the fourth stage (below the lactate
threshold for all participants).
Limits of agreement (LoA), method error, techni-
cal error of measurement (TEM), and least products
regression (LPR) were used to assess the reproduci-
bility of scores. The results are shown in Table I.
Movement speeds at the lactate threshold were
identical in each trial for all players so were not
subjected to reproducibility analysis. The results
suggest that performance time, _V O2max, and peak
heart rate from a squash-specific fitness test are
reproducible, with economy scores being slightly
more variable depending on which reproducibility
measure is favoured. Future studies should examine
reproducibility over longer test – retest durations to
establish the usefulness of the test for the tracking of
training adaptations.
Validity of a squash-specific speed and agility
test
M. Wilkinson1, E. M. Winter2, & A. Sutherland1
1Northumbria University and 2Sheffield Hallam
University, UK
Despite the multiple-sprint nature of squash, there
are few published squash-specific tests to assess
speed or agility. This is surprising because Vuckovic´
et al. (2004: In Science and racket sports III, edited by
A. Lees & J. Kahn. Abingdon: Routledge) reported
that more than 40% of squash movements occurred
within 1 m of the T-position and most movements
were not in a straight line. Tests of speed should
encompass agility (the ability to control changes of
direction at speed). The purpose of this study was to
examine the validity of a squash-specific test de-
signed to assess speed and agility.
After receiving institutional ethics approval, 10
trained male squash players (mean age 23 years,
s¼ 4; stature 1.8 m, s¼ 0.05; body mass 79.7 kg,
s¼ 5.3) and 10 non-squash players (trained football
and rugby union players) (mean age 24 years, s¼ 3;
stature 1.8 m, s¼ 0.08; body mass 85.9 kg, s¼ 11.8),
who were fully habituated to the procedures,
participated in the study. On separate days, the
participants completed two trials of the Illinois agility
run, and two trials of the squash speed and agility
test. Trials comprised three test runs, with the best
finish time recorded to the nearest one-hundredth of
a second. The technical error of measurement
(TEM), limits of agreement (LoA), method error,
and least products regression (LPR) were used to
assess reproducibility of performance time.
Performance times on the Illinois test were repro-
ducible (TEM 0.27 s, 1.84%; LoA 70.12 s+0.74;
method error 0.27 s, 1.8%; LPR slope 1, intercept
72.8), as were times on the squash-specific test (TEM
0.17 s, 1.49%; LoA 0.05 s+0.49; method error
0.18 s, 1.5%; LPR slope 0.95, intercept 0.5). Inde-
pendent t-tests revealed no differences in performance
time between squash (mean 14.75 s, s¼ 0.66) and
non-squash players (mean 14.79 s, s¼ 0.41) on the
Illinois agility run. However, squash players were faster
(mean 10.9 s, s¼ 0.44) than non-squash players
(mean 12.2 s, s¼ 0.34) on the squash-specific test
(t18¼77.38, P50.001, effect size¼ 3.33).
Despite similar non-sport-specific speed and agi-
lity, squash players outperformed non-squash players
on a test that used squash-specific movements. The
results suggest that the squash-specific speed and
agility test is a better measure of sport-specific
capability than the equivalent non-specific field test.
Recovery from fatigue after two bouts of
maximal 20-s cycling in boys and men
C. A. Williams
University of Exeter, UK
Recovery from muscle fatigue is influenced by the
type, duration, and intensity of the preceding
exercise bout and is moderated by age (Ratel et al.,
2004: European Journal of Applied Physiology, 92,
204 – 210). The aim of this study was to compare the
recovery profile of peak power output and total work
done in boys and men. The institutional ethics
committee approved the study.
Ten boys (mean age 13.2 years, s¼ 0.5) and 10
men (mean age 25.2 years, s¼ 0.5) completed a
Table I. Reproducibility of performance time, _VO2max, peak heart
rate, and economy in a squash incremental test (n¼ 8).
Time (s)
_VO2max
(ml  kg71 
min71)
Peak
heart rate
(beats 
min71)
Economy
(ml  kg71 
min71)
LoA 14+62 0.2+ 5.1 72+6 73.9+4.3
Method
error
22 (3%) 1.8 (3.6%) 2 (1%) 1.6 (5.1%)
TEM 32 (5%) 2.4 (4.7%) 3 (2%) 3.3 (10.9%)
LPR
Slope 0.88 0.94 1.01 1.5
Intercept 63 2.7 0.49 710.1
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ramp incremental exercise test to volitional exhaus-
tion to ascertain peak oxygen uptake ( _V O2peak). All
participants performed two maximal 20-s cycle
(WAnT20s) sprints (sprints 1 and 2) separated by a
60-s recovery period. Before sprint 1 a fingertip
blood capillary sample was taken; a second sample
was collected 3 min after sprint 2. Ratings of
perceived exertion (RPE) were recorded after both
sprints. Additionally, boys completed two further
maximal cycle tests with a 60-s recovery, where the
boys were matched with an adult to accomplish
the same total work done relative to lean leg volume
(WAnTTWD). Dependent and independent sample
t-tests, with Bonferroni correction, were applied to
determine differences in recovery data.
There was no significant difference in _V O2peak for
men and boys (mean 58.3 ml  kg71 min71, s¼ 7.6
and mean 54.8 ml  kg71 min71, s¼ 9.2, respec-
tively; P4 0.05). Recovery, expressed relative to
the decrease in peak power over 5 s during sprint 1,
was significantly lower for men’s than boys’
WAnT20s (mean 48%, s¼ 24 and mean 71%,
s¼ 25, respectively; P5 0.004), but not different
for boys’ WAnTTWD (mean 74%, s¼ 23; P4 0.04).
Men’s percent recovery of total work done WAnT20s
(mean 82%, s¼ 7) was not significantly different to
boys’ WAnT20s recovery (mean 84%, s¼ 5;
P4 0.25) nor the WAnTTWD (mean 82%, s¼ 5;
P4 0.85). Men’s delta blood lactate was not
significantly different to boys’ WAnT20s (mean
6.7 mmol  l71, s¼ 1.8 and mean 5.8 mmol  l71,
s¼ 1.8, respectively; P4 0.25) or WAnTTWD (mean
6.7, s¼ 1.8 mmol  l71; P4 0.81). There were no
significant differences in RPE between sprints
(P4 0.05).
In conclusion, when the total amount of work
done is equivalent, recovery of peak power output is
similar. Boys’ disproportionately lower amount of
work done during equivalent timed tasks compared
to men must be considered.
Are questionnaires and physical examinations
enough when screening sudden cardiac death
disease: The role of electrocardiography
M. G. Wilson1, S. Basavarajaiah2, G. P. Whyte1,
S. Cox1, & S. Sharma2
1Olympic Medical Institute and 2University Hospital
Lewisham, UK
The International Olympic Committee (December
2004) and the European Society of Cardiology
(February 2005) have released consensus statements
recommending a common screening protocol
based on a 12-lead electrocardiogram (ECG),
personal/family history, and physical examination.
Implementing a screening programme of such
magnitude will place a large financial burden upon
some sporting organizations, with controversy still
arising from the American Heart Association refus-
ing to implement an ECG screening policy. This
study sought to confirm the efficacy of resting
12-lead ECG alongside personal/family history and
physical examination.
A total of 3061 participants (1074 international/
national junior athletes, mean age 15.8 years, s¼ 0.7;
1646 school children, mean age 16.1 years, s¼ 2.1;
and 341 self-referral patients, mean age 17.3 years,
s¼ 3.4) were examined using personal/family history,
physical examination, and 12-lead ECG.
Table I. Individuals screened with follow-ups with diagnosis.
Junior
athletes
School
children
Self-referral
patients
(n¼ 1074) (n¼1646) (n¼ 341)
No. requiring further
cardiological evaluation
after the initial
screening
45 62 18
No. with an abnormal
ECG
25 15 5
No. with symptoms
and/or family history
of SCD
20 47 13
No. diagnosed with a
SCD disease
6 5 1
Percentage diagnosed
with a SCD disease
0.6% 0.3% 0.3%
Table II. The 12 patients with a positive diagnosis of a disease
associated with SCD.
Patient Sex
Abnormal
ECG Symptomatic
Family
history
of SCD Diagnosis
1 Female Yes Yes No RVOT-VT
2 Female Yes Yes No SVT
3 Female Yes No No Long QT –
Type 1
4 Male Yes No No WPW
5 Male Yes No No WPW
6 Male Yes No No Long QT –
Type 1
7 Female Yes No No Suspect
ARVC
8 Male Yes No No WPW
9 Male Yes No No HCM
10 Male Yes No No ARVC
11 Male Yes No No Long QT –
Type 1
12 Male Yes No No WPW
Note: RVOT-VT¼ right ventricular outflow tract ventricular
tachycardia, HCM¼hypertrophic cardiomyopathy, ARVC¼
arrhythmogenic right ventricular cardiomyopathy, WPW¼Wolff-
Parkinson-White.
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The results are shown in Tables I and II. Only two
of the 12 diagnosed participants presenting with a
disease associated with sudden cardiac death disease
(SCD) were symptomatic. Furthermore, the ten
asymptomatic individuals failed to present symptoms
or have a family history of note.
Family history and questionnaire alone are inade-
quate in the identification of individuals with diseases
associated with sudden cardiac death disease. There-
fore, 12-lead ECG is paramount when screening for
cardiac pathology in the young.
Does life-span achievement of current
physical activity recommendations reduce
the likelihood of falling?
R. L. Wright, P. D. Robinson, & D. M. Peters
University of Worcester, UK
While some training studies have identified that
walking increases strength and reduces functional
limitations in older adults, others have identified that
aerobic physical activity is ineffective in preventing
loss of muscle strength associated with ageing
(Harridge et al., 1997: Aging, 9, 80 – 87). As muscle
weakness in the legs has been found to be predictive
of falls, this would appear to be problematic for
aerobic-based physical activity recommendations for
the prevention of falls.
The purpose of this study was to identify whether
‘‘fallers’’ and ‘‘non-fallers’’ demonstrated signifi-
cantly different levels of attainment of the current
physical activity recommendations over the life
course. Self-report lifetime physical activity was
obtained through estimation of how many days per
week an individual accumulated 30 min or more of
at least moderate-intensity physical activity during
each decade of their adult life. A fall was identified as
a loss of balance resulting in the body, or part of the
body, coming to rest on the ground. Ethical approval
was granted through institutional procedures under-
taken at departmental level.
The participants were 74 males (mean age 71.7
years, s¼ 7.4) and 228 females (mean age 71.0 years,
s¼ 7.5; range 54 – 94) with 72% indicating that they
had experienced a fall. Differences between the sexes
were apparent for the number of days active in their
thirties (females: mean 6.41 days, s¼ 1.98; males:
mean 5.73 days, s¼ 2.01 days; t308¼ 2.56,
P5 0.05). Independent samples t-tests showed that
while ‘fallers’ (mean 4.75 days, s¼ 2.15) were
currently less active than ‘‘non-fallers’’ (mean 5.43
days, s¼ 2.03; t305¼ 2.52, P5 0.05), there was no
significant difference in the number of days on which
they had performed 30 min or more of moderate-
intensity physical activity in any of the decades
throughout the life-span. When participants were
then classified as either active or inactive in relation
to achieving 5630 min per week, chi-square tests
revealed no differences in proportional attainment of
the recommended amounts of physical activity in
fallers and non-fallers in any decade.
Although demonstrating a progressive decline in
physical activity through the decades, the sample was
more active than the current population in each
decade, with the majority attaining recommended
amounts of physical activity into their seventies.
Attainment of current physical activity guidelines
throughout the life-span would not appear to reduce
the likelihood of falling and would suggest that
strength-based physical activity recommendations
may be needed in addition to the current general
health guidelines if the number of falls in older adults
is to be significantly reduced.
The spread of energetic helper materials in a
bodybuilders’ club
B. Yousefi1 & M. Goodarzi2
1Razi University and 2Tehran University, Iran
It is argued that bodybuilders are the biggest
consumers of energetic drugs (Brain et al., 2003:
International Pediatrics, 18, 3). The purpose of this
study was to investigate the extent and prevalence of
energetic helper materials use in bodybuilders in
order to increase public awareness of the conditions,
side-effects, and risks associated with these drugs.
After receiving ethical approval, 200 male body-
builders aged 15 – 32 years (mean 22.2 years,
s¼ 3.42) and with a career in bodybuilding of
between 6 months and 16 years (mean career 3.1
years, s¼ 2.5) were recruited using cluster sampling
in the city of Kermanshah (in the west of Iran). Two
questionnaires were administered to collect data: one
for the coaches and another for the athletes. The
questions were developed by the research team.
Cronbach alpha estimates of internal consistency
were acceptable. The validity of the questionnaire for
coaches was 93% and that for the athletes 83%.
Descriptive statistics were used to analyse the data.
The results showed that 79% of participants used
anabolic steroids, 73% vitamin supplements and
minerals, and 87% protein supplements and amino
acids. Only 3.9% of the participating coaches had a
good level of sport information (studied physical
education). Also, 37% of the participants stated that
they would continue using nandrolone and 76% of
them ergogenic aids.
The results of this study show that one of the main
motivations of bodybuilders for using ergogenic aids
is having a good shape and healthy body. Although
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the athletes were aware of the adverse effects of using
ergogenic aids, they used them (vitamin pills,
minerals, creatine and protein powder) at high doses.
The participants reported that they did not know of
any bodybuilder who had been successful without
using ergogenic aids.
PART V: PSYCHOLOGY
The influence of environmental temperature
and exercise on psychological feeling state
and cognitive performance
M. M. Abgenah, M. R. Eubank, & M. A. Scott
Liverpool John Moores University, UK
Athletes are frequently challenged to produce good
performances in extreme climatic settings. While
there have been investigations into the effects of heat
and exercise stress on physiological responses, the
effects of exercising in hot conditions over prolonged
time periods on the feeling state response and
cognitive ability of athletes has received much less
attention. The purpose of this study was to investi-
gate the influence of temperature and exercise on the
psychological feeling state and cognitive performance
of sport participants.
Nine healthy sport volunteers (2 females, 7 males;
mean age 21.4 years, s¼ 5.3) were randomly recruited.
A counterbalanced repeated-measures design was
used to assess the participants’ psychological response
and cognitive performance during bouts of sub-
maximal intermittent exercise conducted in thermo-
neutral (208C+2) and hot conditions (358C+2). The
Vienna Test System (Schuhfried, 1995: Sensomotor co-
ordination. Austria: Weiner Test Systems) was used to
assess the accuracy and speed of attentional capability.
Before and after all cognitive tests, the Self-Assessment
Manikin (Bradley & Lang, 1994: Journal of Behavioural
and Psychiatric Therapy, 25, 49 – 59) was used to
measure pleasure, arousal, and dominance dimensions
of emotion, with the Feeling State Checklist (Jones &
Hanton, 2001: Journal of Sports Sciences, 19, 385 – 395)
used to measure positive and negative feeling states.
Institutional ethical approval was granted before the
start of the study.
Three-way analysis of variance (ANOVA) revealed
temperature6exercise6time interactions for arousal
(F2.32,18.55¼ 4.38; P5 0.05) and negative feeling
state (F2.06,16.48¼ 6.85; P5 0.05), indicating that
the participants’ arousal was significantly decreased
and negative feeling state significantly increased
over time while exercising in hot compared with
thermo-neutral conditions. For cognitive perfor-
mance, ANOVA revealed heat6time (F2.13,17.0¼
18.33; P5 0.05) and exercise6time interactions
(F1.43,11.40¼ 4.68; P5 0.05) for attentional accu-
racy, which contrasted to the findings observed for
speed. Participants were significantly less accurate
over time in heat or during exercise compared with
the thermo-neutral or no exercise conditions.
The findings offer some indication of the potential
impact of exercising in heat on the psychological
response and performance capability of sport perfor-
mers. Critically, the marked deterioration in these
parameters over time supports previous ‘‘main-
stream’’ and sport literature (e.g. Acevedo &
Ekkekakis, 2001: Psychology of Sport and Exercise, 2,
47 – 67) and illustrates the importance of primary
and tertiary management strategies that can be used
to minimize the psychological impact of such
climatic conditions on performance.
Sources of sport confidence of athletes from
West African universities
O. A. Adegbesan
University of Ibadan, Nigeria
Sport confidence is defined as the ‘‘belief or degree
of certainty individuals possess about their ability to
be successful in sport’’ (Vealey, 1986, Journal of Sport
Psychology, 8, 221 – 246). Confidence in sport is easy
to recognize and difficult to change. Composure,
timing, space, and effortless rhythm are the perfor-
mance hallmarks of confident athletes (Horsley,
1995: In Sport psychology: Theory, application and
issues, edited by T. Morris & J. Summer. New York:
Wiley). This aim of this study was to examine the
sources of sport confidence of volleyball and hand-
ball players from West African universities.
Participants were 192 male and female university
athletes from the Anglophone and Francophone
countries (males: n¼ 114, mean age 22.6 years,
s¼ 3.0; females: n¼ 78, mean age 21.5 years,
s¼ 2.2). The participants, with the approval of their
team officials, completed the Sources of Sport
Confidence Questionnaire (SSCQ), which possesses
an overall coefficient of determination of 0.90
(Vealey et al., 1998: Journal of Sport and Exercise
Psychology, 20, 54 – 80). The 41 items were based on
the sub-scales of mastery, demonstration of ability,
physical/mental preparation, physical self-presenta-
tion, social support, coach leadership, vicarious
experience, environmental comfort, and situational
favourableness and rated on a 7-point Likert scale
ranging from 1 (‘‘not at all important’’) to 7 (‘‘of
highest importance’’). Data were analysed using a
correlation matrix and the t-test.
The results indicated significant positive relation-
ships for all the sub-scales based on the participants’
responses. The relationship of physical/mental and
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mastery was found to be the strongest (r¼ 0.675,
d.f.¼ 191, P5 0.000). There were significant differ-
ences for seven sub-scales of the SSCQ between the
male and female athletes from the Anglophone
countries, but no significant differences for social
support (t¼ 0.515, d.f.¼ 116, P¼ 0.607) or coach
leadership (t¼ 0.469, d.f.¼ 116, P¼ 0.640). The
results also revealed significant difference for eight
sub-scales of the SSCQ between the male and female
Francophone athletes, with situational favourable-
ness the only sub-scale not to show a significant
difference (t¼ 1.02, d.f.¼ 72, P¼ 0.309).
The findings suggest that female participants both
from the Anglophone and Francophone countries
derive their sport confidence from all the sub-scales
more than their male counterparts. In conclusion,
environmental comfort and situational favourable-
ness were the best sources of sport confidence for all
the athletes from the Anglophone countries, while
the other sub-scales were the best sources of sport
confidence for athletes from the Francophone
countries. Further studies on various approaches to
understanding and enhancing confidence in sport
among athletes from the developing world, especially
Africa, is urgently required.
Psychological resilience and narrative styles in
outdoor adventure
J. Allan, J. McKenna, S. Cobley, & P. Bramham
Leeds Metropolitan University, UK
Resilience comprises ecological, cultural, and psy-
chological dimensions reflecting the capacity to
develop under difficult circumstances (Masten,
2001: American Psychologist, 56, 227 – 238). Life
narratives (Franks, 1995: The wounded storyteller.
Chicago, IL: University of Chicago Press) embody
similar issues, but little is known about their
relationship. The purpose of this study was to
explore how narrative styles are related to changes
in resilience following outdoor adventure activities
(OAA).
This mixed-methods study was given institutional
ethical approval and explored the resilience effects of
an intensive 5-day residential induction OAA course.
Resilience was measured using a newly validated
scale for young people (Connor & Davidson, 2003:
Depression and Anxiety, 18, 76 – 82) and provided a
single score (range 24 to 120). Measures were taken
at the beginning of the course and in week 2, with
differences calculated to identify programme effects.
Narrative style was identified using Franks’ (1995)
classification, by indicating the type of story that
individuals would use to describe their lives (Chaos:
‘‘I can describe details but not how things came
about or why’’; Quest: ‘‘I understand my experiences
and talk about them to help others’’; Restitution: ‘‘I
can see the problems and know solutions that will
work for me’’). Focus groups (n¼ 15) explored
impacts during and following the OAA programme.
Baseline and follow-up questionnaires were pro-
vided by 409 respondents (250 males, 159 females)
with a mean age of 18.7 years (s¼ 1.34). Resilience
scores (see Table I) showed no differences for gender
or OAA experience. Consistent with expectations,
differences were found for narrative preference. Post-
hoc Scheffe´ tests confirmed lower baseline and
follow-up scores for chaos narratives, but not for
change in resilience. Focus group analysis confirmed
that individuals combined narratives from each of the
three respective styles, whereas questionnaires desig-
nated individuals as having only one narrative
preference.
This large, unique study highlights the value of a
mixed-methods approach for linking the subjectivity
of life narratives with statistically expressed resi-
lience. Contrary to expectations, focus groups
showed that individuals combine narrative styles.
Furthermore, and also unexpectedly, resilience
changed as much for individuals adopting chaos
narratives as other narratives.
Causal attribution and emotional reactions:
Testing and interpreting interactions
M. S. Allen
Staffordshire University, UK
Much research has documented the effect that causal
attributions have on emotional reactions to competi-
tion (Biddle et al., 2001: In Handbook of sport
psychology, edited by R.N. Singer et al. New York:
Wiley). Although Weiner (1985: Psychological Re-
view, 92, 548 – 573) suggested that ‘‘each dimension
is uniquely related to a set of feelings’’ (p. 560), he
also argued that emotions are exacerbated when
attribution dimensions combine in specific patterns.
Accordingly, the aim of the present study was
to examine the main and interaction effects of
causal attributions on post-competition emotional
reactions.
Table I. Resilience scores by narrative preference (mean+ s).
Narrative style Baseline Follow-up Change
Chaos (n¼ 43) 84.70+ 10.23 86.09+8.73 1.40+ 7.78
Restitution
(n¼268)
89.72+ 9.54 91.37+10.19 1.64+ 8.67
Quest (n¼ 98) 88.83+ 8.82 90.67+9.44 1.84+ 7.95
One-way ANOVA
(F2,406)
P5 0.01 P50.01 N.S.
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Altogether, 128 golfers (mean age 51.2 years,
s¼ 11. 8) completed the Causal Dimension Scale-II
(McAuley et al., 1992: Personality and Social Psychol-
ogy Bulletin, 18, 566 – 573) and the Sport Emotion
Questionnaire (Jones et al., 2005: Journal of Sport and
Exercise Psychology, 27, 407 – 431) immediately after a
competition. Participants were classified into success
and failure groups based on their subjective perfor-
mance ratings.
Sequential linear regression analyses revealed that
following perceived success, athletes’ happiness
(b¼ 0.432, P5 0.05) and excitement (b¼ 0.279,
P5 0.05) could be significantly predicted by the
locus of attributions, with more internal attributions
being associated with higher intensity emotions.
Following perceived failure, athletes’ experience of
anxiety was significantly predicted by the stability6
personal control interaction, which accounted for an
additional 7.1% of the variance over stability and
personal control main effects. Athletes would ex-
perience significantly more anxiety if the cause was
perceived as both internal and stable. The only
significant predictor of anger was the locus6stability
interaction (b¼ 0.277, P5 0.05), with locus of
causality a positive predictor of anger at high levels
of causal stability. Both happiness and dejection
could be significantly predicted by the stability6
personal control interaction with opposite effects.
Personal controllability was a positive predictor of
dejection and a negative predictor of happiness at
low levels of stability (b¼70.428, P5 0.05;
b¼ 0.298, P5 0.05 respectively), while being a
negative predictor of dejection and a positive
predictor of happiness at high levels of causal
stability (b¼ 0.208, P5 0.05; b¼70.441, P5
0.01 respectively).
The findings of this study would suggest
that practitioners should encourage athletes to
make attributions to personally controllable
factors following failure, provided athletes also
perceive the cause to be relatively unstable. If the
cause is perceived as stable, then encouraging
attributions to personally controllable factors may
result in a more negative emotional experience.
Following success, practitioners should encourage
attributions to internal factors to enhance positive
emotions.
Effects of negative momentum on predicted
performance and choking in tennis players
K. J. Ashford & E. Synesi
Brunel University, UK
Psychological momentum remains an elusive con-
cept due to a lack of research and absence of a
clear definition. Previous research focused
primarily on positive momentum (Perreault et al.,
1998: Journal of Sport and Exercise Psychology,
20, 421 – 436); situations in which perceptions of
momentum are negative or absent remain unex-
plored. Thus, the aims were to investigate these
momentum situations and potential links with
choking.
With institutional ethics approval and informed
consent, 47 non-elite tennis players (males: n¼ 23,
mean age 28.3 years, s¼ 12.0; females: n¼ 24, mean
age 32.8 years, s¼ 13.6) completed the Momentum
Questionnaire (Vallerand et al., 1988: Journal of Sport
and Exercise Psychology, 10, 92 – 108). The scale
assesses one’s perception of momentum and perfor-
mance prediction – that is, confidence of winning
matches in negative and no-momentum situations.
Additionally, participants were ranked as high or low
ability based on Lawn Tennis Association rankings.
Finally, four participants were randomly selected for
interviews focusing on perceptions of momentum
and choking.
Two 2 (high/low ability)62 (situation: negative
momentum/no momentum) repeated-measures
analyses of variance were conducted. Perception of
momentum and performance prediction were the
dependent variables. The results revealed no sig-
nificant higher-order interaction for perception of
performance. A main effect was observed for the
situation (Wilks’ l1,45¼ 0.04, P¼ 0.001, Z2¼ 0.61).
Specifically, significant decreases were observed
from the no-momentum (mean¼ 39.7) to the
negative momentum situation (mean¼ 26.7). In
terms of performance prediction, a significant
higher-order interaction was observed (Wilks’
l1,45¼ 0.91, P¼ 0.04, Z2¼ 0.09). Follow-up tests
revealed that in the no momentum condition,
high ability players (mean¼ 5.54) were more
confident of winning than low ability players
(mean¼ 4.94).
Results suggest the situation is a key antecedent
determining perceived momentum. This was rein-
forced in the inductive content analysis of the
interviews: participants associated negative momen-
tum with choking, with the latter attributed to a lack
of confidence. Indeed, some participants commen-
ted that a pressurized situation (i.e. experiencing
negative momentum) may overwhelm them, result-
ing in choking. Additionally, previous performance
accomplishments were seen as providing a founda-
tion level of confidence necessary to overcome
negative momentum. Thus, coaches should work
on negative momentum situations in practice,
building on successful accomplishments to improve
match performance. Research exploring the links
between negative momentum and choking is
warranted.
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Effects of water ingestion during prolonged
running on affect and ratings of perceived
exertion
S. H. Backhouse1, S. J. H. Biddle2, & C. Williams2
1Leeds Metropolitan University and 2Loughborough
University, UK
The psychological changes associated with exercise
in a dehydrated state should not be overlooked. In a
physiological situation of increased water require-
ment and homeostatic challenge, such as prolonged
exercise, ingesting water is perceived as being highly
pleasant. However, these subjective responses to
fluid ingestion have, as yet, not been analysed in a
way that provides meaningful information about the
influence of fluid intake on the psychological state of
the individual. Indeed, drinking water during ex-
ercise might prevent the negative affective states
reported during prolonged exercise (Acevedo et al.,
1996: International Journal of Sports Psychology, 27,
286 – 292). This study examined the influence of
water ingestion on affect and ratings of perceived
exertion (RPE) during prolonged running.
Fifteen men (mean age 21 years, s¼ 0.5; _V O2max
65.0 ml  kg71 min71, s¼ 1.2) performed two
counterbalanced 90-min treadmill runs at 70%
_V O2max. No fluid was ingested during one trial,
whereas a single water bolus (5.0 ml  kg71 body mass)
was ingested immediately before exercise, followed by
serial feedings (2.0 ml  kg71 body mass) every 20 min
during exercise in a fluid replacement trial. Affect and
perceived exertion were repeatedly assessed and
physiological change was monitored.
Heart rate and RPE increased significantly
(P5 0.05) during the run, but there was no
difference between conditions. A main effect for
condition (F1,14¼ 5.943, P5 0.05, n2¼ 0.30) and
an interaction of condition6time (F8,112¼ 2.54,
P5 0.05, n2¼ 0.15) were noted for affect
(pleasure – displeasure). Affect was maintained
above baseline levels during exercise in the fluid
replacement trial, but shifted below baseline values,
towards neutral affect, in the no fluid trial. Signifi-
cant pre- to post-exercise improvements in positive
affect were found in the fluid replacement trial
only. A significant condition6time interaction effect
(F2,26¼ 4.24, P5 0.05, n2¼ 0.42) was noted for
energy, with values higher 5 min and 15 min
(P5 0.05) post-exercise in the fluid replacement
trial than in the no fluid trial. Furthermore, a
significant pre- to post-exercise improvement
(P5 0.05) in self-rated energy was only observed
in the fluid replacement trial 5 min post-exercise.
Thirst ratings and body mass decrease were
significantly higher in the no fluid than in the fluid
replacement trial.
In conclusion, the results show that ingesting
water during a 90-min run may serve to maintain
affect throughout exercise and also enhance post-
exercise affect. These findings suggest a beneficial
role of ingesting fluid during exercise, which goes
beyond the oft-cited physiological benefits.
Activity profiles of elite rugby league players
K. Barker & M. Gray
Leeds Metropolitan University, UK
Involvement in professional rugby league competi-
tion requires intermittent bouts of complex high-
intensity movements interspersed with periods of
low-intensity activity (Brewer & Davis, 1995: Sports
Medicine, 20, 129 – 135). Authors such as Meir et al.
(1993: Strength and Conditioning Coach, 1, 24 – 29)
have used time – motion methods to examine the
activity of players in positional groups, evidencing
variance between props, hookers, and outside backs.
After receiving institutional ethics approval, nine
players from three positional groups (props, n¼ 5;
hookers, n¼ 2; full backs, n¼ 2) in the same Super
League team were monitored over six matches. Uni-
quely, individuals were tracked for the complete dura-
tion of two matches using a digital camcorder situated
on a viewing gantry above the half-way line. Video
footage was then coded, with the sequence and duration
of player activity in game sub-maximal intensity
categories (standing, walking/shuffling, sub-maximal
running) and game maximal intensity categories (run-
ning with the ball, sprinting, contact events) recorded.
The maximal:sub-maximal intensity exercise ratios
for positional groups (props 1:7.7, hookers 1:7.0, full
backs 1:9.3) illustrate that hookers spend the greatest
proportion of playing time performing maximal
intensity exercise, with full backs spending a greater
proportion of time in sub-maximal activity, allowing
improved recovery between maximal intensity bouts
of variable duration.
Table I shows the percentage of total playing time
spent in sub-maximal activity and in each category
Table I. Percentage of playing time in sub-maximal and specific
maximal categories (mean+ s).
Movement category
Props
(n¼5)
Hookers
(n¼2)
Full backs
(n¼2)
Sub-maximal activity 88.5+0.9 87.6+ 1.0 90.3+ 0.2
Maximal intensity
exercise
Running with
the ball
0.6+0.1 2.3+ 0.7 1.4+ 0.6
Sprinting without
the ball
1.9+0.4 2.7+ 0.2 5.8+ 0.1
Contact events 9.0+1.1 7.4+ 0.5 2.5+ 0.8
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of maximal intensity exercise. Key differences in the
types of maximal intensity exercise between posi-
tional groups include hookers running with the ball
for a greater percentage of playing time than full
backs and props. Full backs are involved in
sprinting without the ball for a greater percentage
of playing time than hookers and props. Props are
also involved in contact events for a greater
percentage of playing time than hookers and full
backs.
These initial findings represent a valuable con-
temporary characterization of the activity profiles of
props, hookers, and full backs in elite rugby league
competition and will be of interest to elite level
coaches and conditioners.
Participation motives as predictors of
motivation outcomes in track and field
T. Bhatnagar & C. I. Karageorghis
Brunel University, UK
A widely applied theoretical approach to under-
standing motives for sports participation is self-
determination theory (Deci & Ryan, 1985: Intrinsic
motivation and self-determination in human behavior.
New York: Plenum). Vallerand (1997: Advances in
Experimental Social Psychology, 29, 271 – 360) sub-
sumed elements of self-determination theory into a
hierarchical model of motivation, which posits that
social factors, mediators, motives, and conse-
quences (affective, cognitive, and behavioural) exist
at three levels: global, contextual, and situational.
The purpose of the present study was to examine
the extent to which participation motives predicted
motivation outcomes at the contextual level of
motivation. On the basis of previous work
(Ntoumanis, 2001: British Journal of Educational
Psychology, 71, 225 – 242), it was hypothesized
that identified regulation (which taps acceptance
of the value of track and field participation as
being personally important) and the dimensions
of intrinsic motivation would be significant
positive predictors of motivation outcomes, while
amotivation would be a significant negative
predictor.
After receiving ethical clearance, data were col-
lected from 159 track and field athletes (mean age
19.7 years, s¼ 2.8) who completed the Sport
Motivation Scale (SMS; Pelletier et al., 1995: Journal
of Sport and Exercise Psychology, 17, 35 – 53) before a
training session and then 1 week later, before the
corresponding session, completed a range of out-
come measures (satisfaction, concentration, and
persistence). The gap of 1 week was implemented
to reduce any extraneous environmental factors
impacting upon the relationship between motives
and the motivation outcomes. Univariate outliers
were identified using z-scores4+3.29 and multi-
variate outliers using the Mahalanobis distance
method. Standard linear regression analyses were
used to predict the motivation outcomes of satisfac-
tion, concentration, and persistence from the seven
SMS subscales.
Three cases that had multiple univariate outliers
and one case that was a multivariate outlier were
identified and removed. Regression analyses indi-
cated that amotivation was a strong negative pre-
dictor of all outcome measures (satisfaction:
b¼70.40, P5 0.01; concentration: b¼70.24,
P5 0.01; persistence: b¼70.24, P5 0.01). Extrin-
sic and intrinsic motives did not predict any of the
contextual motivation outcomes.
The present findings do not support those of
previous studies (e.g. Wilson et al., 2004: Research
Quarterly of Exercise and Sport, 75, 81 – 92), and
provide very limited support for Vallerand’s hier-
archical model of motivation. The finding that
amotivation was a negative predictor of motivation
outcomes corroborates past research (Wilson et al.,
2004). Data collection took place at the peak of the
summer competitive season when a strong perfor-
mance orientation may have served to undermine
athletes’ intrinsic motivation; this may account, in
part, for the finding that identified regulation and
intrinsic motivation did not predict the motivation
outcomes.
Perceptions of the first year experience
of sport students with a focus on
computer-aided assessment
K. Biscomb, A. M. Lane, T. Devonport, &
S. Galloway
University of Wolverhampton, UK
The development of new computer technology
appears to promise assessment benefits in higher
education, whereby computer-aided assessment
could provide an automated method for marking
work, a method that could be suitable for large
student numbers. The dual aims of the present
study were (1) to critically evaluate Level 1 stud-
ents’ experience with a focus on assessment and
(2) to explore lecturers’ perceptions of the
impact of computer-aided assessment in Level 1
modules.
After receiving institutional ethical approval, Level
2 undergraduate sports studies students (n¼ 68)
completed module evaluation for each module
studied in Level 1. Each module was rated on:
(a) the extent to which learning objectives were clear;
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(b) the extent to which materials were clearly
presented; (c) workload; (d) appropriateness of
each assignment; (e) tutors’ response timing;
(f) university resources; (g) on-line support; and
(h) self-reported student attendance. Computer-
aided assessment was used to assess the learning
outcomes in two modules. Semi-structured inter-
views were completed with the teaching team for two
modules (n¼ 5). The schedule examined percep-
tions of teaching staff on the impact of the assess-
ment within the specified module.
Multivariate analysis of variance of student
perception on the learning experience in each
module revealed a significant main effect for
differences in student perceptions of each module
(Wilks’ l6,297¼ 0.69, F¼ 1.73, P5 0.001). Differ-
ences between modules were associated with
clearly explained learning objectives (F13,292¼
7.17, P5 0.001), clearly presented learning materi-
als (F13,292¼ 6.61, P5 0.001), workload (F13,292¼
2.63, P5 0.001), appropriateness of assignments
(F13,292¼ 4.47, P5 0.001), and tutors’ response
(F13,292¼ 10.51, P5 0.001). These findings indicate
that the primary drivers of positively perceived
modules are clarity of learning objectives and tutor
response. Modules assessed using computer-aided
assessment were not perceived by students as
different to other types of assessment.
Qualitative results indicated that lecturers ac-
knowledged the main benefit gained from the
implementation of computer-aided assessment was
a saving of marking. Module leaders explained
the delicate balance about time, however, and
acknowledged that the use of computer-aided
assessment was not so much a time-saving exercise
but rather an up-front investment of time at the start
of the module leading to a long-term saving. This
early investment of time, which was needed to write
the bank of questions, was then utilized at a later
stage when the marking process was not time-
demanding.
Collectively, results indicate that computer-aided
assessment offers a useful assessment for lecturers
teaching Level 1 students, and students did not
perceive the quality of assessment to be different to
other forms of assessment.
A grounded theory of young tennis players’
use of music
D. Bishop, C. I. Karageorghis, & G. Loizou
Brunel University, UK
Music listening as a pre-performance strategy in
sport has received limited attention (e.g.
Gluch, 1993: Contemporary Thought, 2, 33 – 53),
despite its global ubiquity and evidence for its
ability to elicit strong emotions (Ritossa & Rickard,
2004: Psychology of Music, 32, 5 – 22). The objec-
tives of this study were to gain an understanding
of the phenomenon of music listening by young
tennis players at a UK international tennis acad-
emy, and to propose a model to facilitate future
research.
After receiving institutional ethics approval, 14
participants aged 16 – 23 years (males: n¼ 7, mean
age 18.8 years, s¼ 2.0; females: n¼ 7, mean age 18.0
years, s¼ 2.0) were purposively selected from a
sample of 67 preliminary questionnaire respondents,
according to their potential informativeness. Partici-
pants noted five personal pre-performance music
selections on a bespoke pre-interview questionnaire,
and brought these tracks to an interview in which
they recorded their emotional responses while
listening to them. Participants maintained a diary
for the 2 weeks following interview to chronicle
all music listening episodes therein. Verbatim inter-
view transcripts were inductively analysed, together
with diary data, using QSR NVivo computer
software (v. 2.0).
Participants rated all personal music selections as
highly liked and highly arousing on an affect grid
(Russell et al., 1989: Journal of Personality and Social
Psychology, 57, 493 – 502). Diary and interview data
showed that personally emotive music is determined
by: the listening environment; peer, parental, media,
and film influences; identification with artist; and
music properties. The impact of music listening is
mediated by situational factors (present emotional
state, desired emotional state, environment), which
interact with instantaneously modifiable music prop-
erties at the point of selection (extra-musical
associations, music properties, inspirational lyrics)
and delivery (listening-performance onset delay,
mode of delivery, modifiable music properties).
Participants selected music tracks to elicit various
emotional responses: pleasure, altered arousal, atten-
tional focus shift, relaxation, confidence, and im-
proved or maintained mood. Other frequently
reported consequences were visual/auditory imagery
and extra-musical associations. Observable re-
sponses to music included smiling, ‘‘chills’’
(Goldstein, 1980: Physiological Psychology, 8, 126 –
129), and heightened/depressed motor activity.
Findings indicate that the emotional responses
from listening to self-selected emotive music are
potentially beneficial to performance. However, to
increase the likelihood of selecting efficacious music,
consideration should be given to a number of
mediating factors. It is expected that the model will
facilitate future investigation of the relationships
between these factors and performance-facilitating
emotional profiles.
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Exercising mothers: A qualitative investigation
of the relationship between exercise and
self-perception
K. A. Bond1 & D. Evans2
1University of Chichester and 2North East Wales
Institute of Higher Education, UK
Exercise has the potential to impact on psychological
well-being and quality of life through enhancing self-
esteem and self-perceptions (Fox, 2000: International
Journal of Sport Psychology, 31, 228 – 240). Several
explanations of the underlying mechanisms of this
process have been forwarded. Research suggests that
these mechanisms differ for men and women, with
greater importance given to the role of physical self-
perception, physical acceptance, and body satisfac-
tion as a mediator in this relationship for women
(Levy & Ebbeck, 2003: Research Quarterly for Exercise
and Sport, suppl., A65). There is also emerging
evidence that for women with care-giving re-
sponsibilities, exercise involvement may alter self-
perceptions by providing an opportunity for mastery,
empowerment, and the opportunity to transcend
habitual roles (Bond & Batey, 2005: Women in Sport
and Physical Activity Journal, 14, 69 – 82), although
ironically their ability to exercise may be constrained
by their ‘‘ethic of care’’. However, notwithstanding
this research, the exercise – self-perception relation-
ship in women with care-giving responsibilities is
under-researched. The aim of this study was to take a
qualitative, multidisciplinary approach to develop
understanding of the complex relationship between
exercise involvement and self-perceptions for this
population.
Ethical consent for the research was obtained from
the institution of the second author. In-depth inter-
views were conducted with six British Caucasian
mothers (mean age 40.5 years, range 22 – 49) with
primary care-giving responsibilities for dependent
children (mean number of children 1.66; mean child
age 5.2 years). Although an interview guide was
used, a flexible approach was taken that encouraged
open-ended dialogue to obtain rich descriptions of
the women’s experiences. Thematic data analysis
incorporated aspects of Maykut and Morehouse’s
(1994: Beginning qualitative research: A philosophic and
practical guide. London: Falmer Press) constant
comparative method, and six higher-order themes
emerged from the data.
Exercise involvement (adoption and maintenance)
was related to positive changes in self-perception
through: (a) feelings of enhanced well-being and
health; (b) mastery and achievement; (c) weight-loss
and control; (d) improved physical appearance and
body image; (e) ‘‘escape’’ from family responsibilities;
and (f) social benefits. However, there was clear
evidence that exercise maintenance was of primary
importance for these women in attaining specific
weight and appearance, and as such could be viewed
as enslaving. Additionally, the women subordinated
their exercise involvement below their care-giving
responsibilities to other family members. Thus, while
exercise participation appeared to contribute to
enhancing perceptions of self, for these individuals
its function in empowering women to transcend their
engendered family role appears to be questionable.
Exercise behaviour in the ageing Caucasian
female population
B. Bowd
University of Wolverhampton, UK
Despite potential benefits of an active lifestyle, it is
difficult to persuade older adults to become more
physically active (Resnick & Spellbring, 2000:
Journal of Gerontological Nursing, 26, 34 – 42). The
purpose of this study was to examine if physical
activity levels and attitude contributed towards an
active lifestyle in older Caucasian females.
After receiving institutional ethics approval, 50
females aged 50 – 70 years (active, n¼ 25, mean age
61.7 years, s¼ 3.5; inactive, n¼ 25, mean age 59.9
years, s¼ 5.4) volunteered to complete two ques-
tionnaires and participate in two semi-structured
interviews. One questionnaire was the Older Persons
Attitudes Towards Physical Activity and Exercise
Questionnaire (OPAPAEQ), which has 14 items and
four subscales labelled ‘‘tension release’’, ‘‘health
promotion’’, ‘‘vigorous exercise’’, and ‘‘social bene-
fits’’ (Terry et al., 1997: Journal of Aging and Physical
Activity, 5, 111 – 125). The OPAPAEQ items are
rated on a 5-point Likert type scale ranging from 1
(‘‘strongly agree’’) to 5 (‘‘strongly disagree’’). The
second questionnaires was the Modified Baecke
Physical Activity Questionnaire for Older Adults
(BPAQOA), which has three subscales labelled
‘‘leisure’’, ‘‘sport’’, and ‘‘household activities’’
(Voorrips et al., 1991: Medicine and Science in Sports
and Exercise, 23, 974 – 979). The two semi-structured
interviews with the factors ‘‘themes’’, ‘‘social bene-
fits’’, ‘‘tension release’’, ‘‘health promotion’’, and
‘‘physical activity levels’’ were completed by five
inactive participants and five active participants. An
example of question is: ‘‘What inhibits your partici-
pation in regular physical activity?’’.
Results of multivariate analysis of variance
(MANOVA) revealed a main effect of physical
activity level factors between the inactive and active
group (Wilks’ l4,45¼ 0.691, P5 0.001, Z2¼ 0.45)
as assessed by the BPAQOA. Follow-up F-tests
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revealed significant differences for household activity
levels (F1,48¼ 4.94, P5 0.03) and sport activity levels
(F1,48¼ 10.79, P5 0.00), with no significant differ-
ences in leisure activity levels (F1,48¼ 1.5, P¼ 0.22).
The MANOVA results revealed no main effects in
attitude factors as assessed by the OPAPAEQ
between the active and inactive groups (Wilks’
l4,45¼ 0.959, P¼ 0.74). Follow-up F-tests revealed
no significant differences in social benefits (F1,48¼
0.43, P¼ 0.51), vigorous exercise (F1,48¼ 0.75,
P¼ 0.39), health (F1,48¼ 0.46, P4 0.50), or tension
F1,48¼ 0.66, P¼ 0.41).
Qualitative analysis of themes, social benefits,
tension release, health promotion, and physical
activity levels revealed these factors were either a
constraint or incentive towards physical activity level
status. The emotions and beliefs around these factors
were also important. Findings highlight the need to
explore intervention strategies to establish under-
standing of beliefs and emotions that surround
physical activity status for ageing Caucasian females.
Perception – action coupling during baton
placing: The role of task and velocity
constraints
M. A. Chen1 & M. R. Sheridan2
1Thames Valley University and 2University of Hull, UK
The traditional tau theory of interceptive timing
asserts that the temporal information necessary to
intercept or avoid an oncoming object can be
obtained directly from the environment (Boostma
et al., 1997: Journal of Experimental Psychology:
Human Perception and Performance, 23, 1282 – 1289).
This assertion has recently been subject to much
criticism and revision (Tresilian,1999: Trends in
Cognitive Sciences, 3, 301 – 310). In particular, the
role of task constraints in the performance of
interceptive actions may be central to understanding
if tau is used to control movement (Tresilian, 2004:
In Time-to-contact, edited by H. Hecht & G.
Savelsbergh. Amsterdam: Elsevier/North-Holland).
The aim of this study was to examine if the traditional
tau hypothesis would apply under different task
complexity and approach velocity conditions.
This experiment manipulated task complexity and
velocity in a 262 repeated-measures design. Eight
participants (mean age 26 years, s¼ 2; stature
1.74 m, s¼ 0.05; body mass 72.6 kg, s¼ 7.5) ran
towards a stationary target and either placed or
touched the target with a baton at slow (mean
3.19 m  s71, s¼ 0.31) and fast (mean 5.34 m  s71,
s¼ 0.29) running velocities along a 22-m runway.
Kinematic data were collected using an automatic
motion analysis system (Coda mpx 30).
Results showed the horizontal distance from the
target, at which the baton began its final upward,
vertical ascent above the height of the target,
increased according to task velocity (Wilks’
l1,7¼ 10.43, P5 0.05). Fast velocity trials for the
placed (mean 1.80 m, s¼ 0.63) and touched (mean
1.98 m, s¼ 0.74) conditions began the ascent further
away than the slow velocity trials (placed: mean
1.22 m, s¼ 0.61; touched: mean 1.60 m, s¼ 0.81).
At the final descent of the hand towards the target,
the fast velocity trials for the placed (mean 0.71 m,
s¼ 0.52) and touched (mean 0.90 m, s¼ 0.50)
conditions showed a longer phase (Wilks’
l1,7¼ 6.03, P5 0.05) than the slow velocity trials
(placed: mean 0.45 m, s¼ 0.19; touched: mean
0.52 m, s¼ 0.21).
These results indicate that despite different task
constraints during the approach phase, the partici-
pants may have been using tau to control time to
contact at the beginning and final descent of the
hand towards the target. Overall, the traditional tau
predictions were supported despite different task and
approach velocity constraints.
The effects of an outdoor activity intervention
on physical risk assessments
S. P. Cobley1 & D. J. Llewellyn2
1Leeds Metropolitan University and 2University of
Cambridge, UK
Risk assessments are the judgements people make
when they characterize and evaluate hazardous
activities and technologies (Slovic, 1987: Science,
236, 280 – 285). Maladaptive risk assessments may
lead to poor decision making, and an increased
personal likelihood of injury or fatality (Fuller &
Drawer, 2004: Sports Medicine, 34, 349 – 356).
However, interventions may be effective in enhan-
cing the ability to assess risks, and as a result
minimize counterproductive risk-taking behaviours
(e.g. Mahler et al., 1997: American Journal of Health
Promotion, 11, 426 – 429). Therefore, the aim of the
present study was to investigate the efficacy of a
short-term outdoor activity intervention in modulat-
ing physical risk assessments.
After receiving institutional ethics approval, 178
undergraduates (109 males, mean age 18.9 years,
s¼ 1.4; 69 females, mean age 18.5 years, s¼ 3.0)
completed the 27-item Physical Risk Assessment
Inventory (PRAI; Llewellyn, 2003: The psychology of
physical risk taking behaviour, unpublished doctoral
dissertation). The PRAI incorporates both Health
(13 items) and Sports (14 items) subscales, with
items rated on a 7-point Likert scale ranging from 0
(‘‘no physical risk’’) to 6 (‘‘extreme physical risk’’).
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Participants completed the PRAI immediately before
and after a 5-day intervention that incorporated a
number of outdoor activities (i.e. hill-walking, kayak-
ing, rock-climbing, gorge-walking, and team-building
exercises) facilitated by qualified outdoor instructors
at a residential centre in the Lake District, UK.
When examining the Sport risk subscale, repeated-
measures analysis of variance (gender6time) indi-
cated a significant interaction (Wilks’ l1,176¼ 0.95,
P50.01). Separate main effects for gender
(F1,176¼ 21.55, P50.01) and time (Wilks’
l1,176¼ 0.88, P50.01) were also identified. More
specifically, male Sport risk assessments were lower
than those of women, but increased markedly from
pre- to post-intervention. For the Health risk subscale,
a repeated-measures analysis of variance (gender6
time) suggested no significant interaction (P40.05).
However, a main effect for gender was found, with
females significantly higher (F1,176¼ 6.97, P50.01).
Results suggest that participation in a short-term
outdoor activity intervention may be effective in
modulating domain-specific risk assessments. To
regulate maladaptive risk assessments, practitioners
should consider using interventions incorporating
domain-relevant experiences. Future research should
examine the longevity of these changes using long-
itudinal designs, and clarify the extent to which
enhanced risk assessments generalize.
Perceptions of effective judo coaching among
judo coaches
M. Collins1, A. M. Lane1, R. Jones2, & S. Galloway1
1University of Wolverhampton and 2University of
Wales Institute, Cardiff, UK
The main aim of this study was to investigate
differences in perceptions of judo coaching between
national level and club level judo coaches. A second
purpose was to explore relationships between judo
coaching and emotional intelligence among judo
coaches. Qualitative techniques were used to develop
a contextually valid measure of judo coaching leading
to the development of a 39-item Judo Coaching Scale.
After receiving ethics approval, 130 judo coaches
(mean age 41.6 years, s¼ 12.9; 107 males, 19
females, six participants did not indicate their
gender) provided informed consent to participate in
the study. Participants were British Judo Association
qualified coaches who were attending a mandatory
coach-to-coach revalidation course, which is the
requirement for all qualified judo coaches who are
members of the national governing body for judo in
the UK. Participants completed the 39-item Judo
Coaching Scale (Collins et al., in press, Journal
of Sports Sciences) and the 33-item Emotional
Intelligence Scale (EIS: Schutte et al., 1998: Person-
ality and Individual Differences, 25, 167 – 177), on
which items are rated on a 5-point Likert scale
ranging from 1 (‘‘strongly agree’’) to 5 (‘‘strongly
disagree’’). The EIS scores assess six dimensions of
emotional intelligence: (a) appraisal of own emotions
(7 items), (b) appraisal of others’ emotions (5 items),
(c) optimism (5 items), (d) regulation (4 items), (e)
social skills (7 items), and (f) utilization of emotions
(6 items).
Exploratory factor analysis of the Judo Coaching
Scale yielded a six-factor solution that accounted for
55% of the variance. Factors were labelled ‘‘coaching
is about winning’’, ‘‘attitudes to coaching at different
levels’’, ‘‘attitudes to judo structure’’, ‘‘relationships
with players’’, ‘‘presentational issues’’, ‘‘technical
knowledge link to coach level’’, ‘‘coach – player
interaction’’, and ‘‘effective coaching is about win-
ning’’. Multivariate analysis of variance to compare
coaches indicated national level coaches reported
more positive attitudes towards coaching at different
levels (F¼ 8.30, P¼ 0.005, partial Z2¼ 0.07) and
reported being more optimistic (F¼ 6.00, P¼ 0.017,
partial Z2¼ 0.05) than club level coaches. Relation-
ships between the Judo Coaching Scale and EIS
scores indicated developing positive relationships
with players showed positive correlations with
appraisal of own emotions (r¼ 0.21, P¼ 0.02),
optimism (r¼ 0.23, P¼ 0.01), regulation (r¼ 0.24,
P¼ 0.007), social skills (r¼ 0.29, P¼ 0.001), using
emotions (r¼ 0.26, P¼ 0.003), and appraisal of
others’ emotions (r¼ 0.31, P¼ 0.001).
Further research is needed to compare judo
coaches’ perceptions of self-efficacy to coach effec-
tiveness and judo players’ self-efficacy towards
achieving success.
Development of a self-efficacy scale for judo
coaching
M. Collins1, A. M. Lane1, R. Jones2, & S. Galloway1
1University of Wolverhampton and 2University of
Wales Institute, Cardiff, UK
Self-efficacy is seen as an important factor for sport
performance and the coach should play an important
role in developing an athlete’s self-efficacy (Myers
et al., 2005: Psychology of Sport and Exercise, 6, 129 –
143). The relationship between self-efficacy percep-
tions and performance should not only hold for
athletes, but also coaches. Coaches should be
efficacious in their ability to raise the self-efficacy of
their athletes. Self-efficacy scales, developed specifi-
cally for one domain – that is, the scale assesses
confidence estimates toward specific behaviours –
have been found to show stronger relationships with
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performance than self-efficacy measures developed
to assess general behaviours or a general sense of self-
confidence (Moritz et al., 2000: Research Quarterly for
Exercise and Sport, 71, 280 – 294). Recent research
has used such an approach to develop specific self-
efficacy scales that have predicted performance, and
importantly have used a procedure for developing a
self-efficacy scale for different domains (see Lane
et al., 2002: Journal of Hospitality, Leisure, Sport and
Tourism Education, 1, 47 – 56). Lane et al. (2002)
emphasize self-efficacy scales should be developed
using qualitative techniques that involve a thorough
investigation of behaviours needed to deliver suc-
cessful performance. The aim of the present study
was to explore judo coaches’ and players’ perceptions
of factors associated with effective coaching with a
view to use this qualitative data to develop a scale
that could assess self-efficacy towards judo coaching.
After receiving institutional ethical approval, open-
ended and semi-structured interviews were used to
explore the perceptions of elite British Judo Associa-
tion coaches (n¼ 6) and players (n¼ 5) on what
constitutes an effective judo coach and player.
Thematic lines of inquiry focused on the perceived
effectiveness of the national body’s coaching certifi-
cation structure, on some of the skills required to be
an effective judo coach, and how these skills could be
acquired. An inclusive approach was used to analyse
responses, leading to the development of a 39-item
scale that assessed the full range of responses from
athletes. Examples of items include: ‘‘Effective
coaching is about winning medals’’; ‘‘I need to be
in full control of my player’s coaching sessions’’; and
‘‘It is important to have an effective working
relationship with your players’’. The proposed judo
coaching scale asks coaches to rate their agreement
with the statements derived on a 7-point scale
anchored by 1 (‘‘disagree’’) and 7 (‘‘agree’’). Future
research should use quantitative techniques such as
factor analysis to develop a cogent factor structure
and remove unclear items.
Lower limb versus aerobic ratings of perceived
exertion in clinically obese adolescents
R. J. Copeland1, A. Daley2, N. P. Wright3, &
J. K. H. Wales4
1Sheffield Hallam University, 2University of
Birmingham, 3Sheffield Children’s NHS Trust and
4Sheffield Children’s Hospital, UK
Childhood obesity has reached epidemic proportions
(Wang & Lobstein, 2006: International Journal of
Pediatric Obesity, 1, 11 – 25). Obese children and
adolescents are at risk of lower limb joint disease
(Loke, 2002: Asia Pacific Journal of Clinical Nutrition,
8, 702 – 706). Obesity increases mechanical stress on
the lower limbs during exercise, resulting in dis-
comfort (Loke et al., 2002), potentially diminishing
physical activity motivation and impeding perfor-
mance of daily living tasks (Riddiford-Harland et al.,
2006: International Journal of Pediatric Obesity, 1, 42 –
49). During exercise, obese adolescents may inter-
pret lower limb pain as fatigue, terminating physical
activity even in the absence of perceived aerobic
fatigue. The purpose of this study was to investigate
the relationship between lower limb and aerobic
ratings of perceived exertion in clinically obese
adolescents.
After receiving ethical approval, 80 clinically obese
(mean body mass index 34.4, s¼ 6.1) adolescents
aged 11 – 16 years (mean 13.1 years, s¼ 1.7)
completed a modified version of the Balke multi-
stage exercise protocol (Rowland, 1993: In Pediatric
laboratory exercise testing, edited by T. W. Rowland.
Champaign, IL: Human Kinetics). Participants were
asked to estimate aerobic and lower limb ratings of
perceived exertion in the final 10 s of each 2-min
stage using the Pictorial Children’s Exercise Rating
Table (Yelling et al., 2002: European Physical Educa-
tion Review, 8, 157 – 175).
A fully repeated-measures factorial analysis of
variance showed that aerobic and lower limb ratings
of perceived exertion differed at each stage of the
exercise protocol and across time (P at least 0.004)
(stage 1: mean 3.81, s¼ 1.32 and mean 3.51, s¼
1.04; stage 2: mean 5.46, s¼ 1.52 vs. mean 5.03,
s¼ 1.33; stage 3: mean 7.18, s¼ 1.63 vs. mean 6.51,
s¼ 1.46).
The results show that obese individuals report
higher lower limb than aerobic ratings of perceived
exertion during a staged exercise test. This is
consistent with previous research indicating obesity
impedes lower limb performance (e.g. Riddiford-
Harland et al., 2006). There are currently no
comparative studies with children of normal weight.
Empowering obese adolescents to be physically active
is important for health. However, sustained bouts of
physical activity in treatment interventions could
perpetuate feelings of lower limb fatigue, leading to
exercise cessation. Instead, intermittent bouts of phy-
sical activity may be more appropriate and enjoyable.
Psychological strategies used by an elite golfer
during the pre-performance period
S. Cotterill1, D. Collins2, & R. Sanders3
1University of Gloucestershire, 2UK Athletics Ltd
and 3University of Edinburgh, UK
To date, research exploring pre-performance rou-
tines in golf has not comprehensively explored in
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any real detail the psychological processes that
occur during the routine stage before the execution
of the required movement. Many studies have
suggested a range of psychological processes
thought to accompany the pre-performance rou-
tine, but to date only Jackson and Baker (2001:
The Sport Psychologist, 15, 48 – 65) have explored
these processes by asking the athlete, and in that
case the research was conducted in elite rugby
kicking; strategies in golf have only been explored
superficially. This is despite the potential benefits
that a greater understanding of these processes
would have for the performer, coach, and sport
psychologist. The aim of this study was to explore
the psychological strategies and tools used by an
elite golfer during the execution of the pre-
performance routine.
The participant in this study was a right-handed
highly skilled male professional golfer (handicap of
0 and 21 years’ playing experience) who was
observed playing a round of golf and then
interviewed, focusing on the psychological strate-
gies used during the pre-performance period.
Informed consent was obtained and confidentiality
responsibilities were observed. Further ethical
approval was not deemed necessary due to the
nature of the study. Video data from the observed
round was used as a prompt during the interview.
The routines were observed in accordance with
Wrisberg and Penn’s (1992: The Sport Psychologist,
6, 14 – 23) guidelines. Raw interview data were
analysed using inductive content analysis to orga-
nize the data into interpretable and meaningful
themes and categories.
Five major categories relating to pre-performance
routines emerged: impact of shot type; routine
function; coping with distractions; psychological
strategies/tools utilized; and the influence of task
demands. Specific psychological strategies included
the use of imagery, relaxation techniques, con-
structive and instructional self-talk, use of trigger
words, attainment of flow, and generic coping
strategies.
The participant reported high imagery use with a
merging of the imaged and real environments
during match-play to ‘‘see’’ the shot before hitting
it. The psychological strategies used for a particular
shot, coupled with the task demands, were also
reported as impacting upon the duration but not
the structure of the routine. The results provide
support for Jackson and Baker’s (2001) case study
of an elite rugby player who remained behaviou-
rally consistent but varied temporally according to
the psychological strategies used. This has further
implications for the guidance offered to sports
performers in developing effective pre-performance
routines.
Ecological validity of different environmental
conditions for investigating pre-performance
behaviour in golfers
S. Cotterill1, D. Collins2, & R. Sanders3
1University of Gloucestershire, 2UK Athletics Ltd and
3University of Edinburgh, UK
Previous research exploring the use of pre-
performance routines in golf has failed to account
for the ecological validity of the environment parti-
cipants have been required to perform in. Indeed,
many of these studies have failed to either address or
explain the impact of repetitive task constraints on the
pre-performance routines. The limited, repetitive
nature of the experimental tasks used could have
caused the observed results, therefore making the
findings different from, and therefore not applicable
to, the ‘‘real’’ environment. This difference between
practise and competition environments was high-
lighted by Jackson and Baker (2001: The Sport
Psychologist, 15, 48 – 65) in their case study of an elite
rugby player. The aim of this study was to explore
whether significant differences existed between the
pre-performance routines used by golfers in three dif-
ferent environmental conditions: practice, competi-
tion, and using a golf simulator.
Participants were two male golfers, aged 23
(handicap of 71 and 8 years’ playing experience)
and 25 (handicap of 0 and 10 years’ playing
experience) respectively. The participants played 36
holes on a simulation of the Belfry golf course
(Birmingham, UK), completed a putting task, and
were videoed playing a round of golf. Only shots
involving the putter were selected for analysis. A one-
way, within-participant multivariate analysis of var-
iance (MANOVA) was conducted to determine
whether any significant differences existed between
the duration of the behavioural categories (head,
posture, club, still) within the routines and across the
three experimental environment conditions. Preli-
minary assumption testing was conducted to check
for normality, linearity, univariate and multivariate
outliers, homogeneity of variance – covariance ma-
trices, and multi-collinearity, but no serious viola-
tions were noted.
Both participants appeared to be very consistent in
their pre-performance behaviour and routines within
condition and between conditions. The one-way
MANOVA did not identify any significant differ-
ences across the three environmental conditions for
participant 1 (F3,108¼ 0.442, P¼ 0.032; l¼ 0.938;
partial Z2¼ 0.893) or participant 2 (F3,108¼ 0.911,
P¼ 0.510; l¼ 0.878; partial Z2¼ 0.063).
Type of environment did not have a significant
impact upon the structure or duration of the
pre-performance routines used in this study.
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Although minor numerical differences existed be-
tween the mean duration of the dependent variables
(head, club, posture, still), these differences across
environmental conditions did not prove to be
significant. The results further suggest that a well-
designed, laboratory-based research condition
can effectively be used to study pre-performance
behaviour. Furthermore, the use of a full swing
golf simulator is also advocated by this study as
an effective tool with which to explore golfer
behaviour.
Self-efficacy as a predictor of performance
and effort: A free-throw basketball task
K. A. Davies
University of Wolverhampton, UK
Self-efficacy is thought to influence the activities
individuals choose to approach, the effort they
expend on such activities, and the persistence they
demonstrate in the face of failure or adverse stimuli
(Moritz et al., 2000: Research Quarterly for Exercise
and Sport, 71, 280 – 294). Previous research has
indicated that self-efficacy is a reliable predictor of
both performance and effort (George, 1994: Journal
of Sport and Exercise Psychology, 16, 381 – 399). The
aim of the present was to examine the relationship
between task-efficacy and objective performance,
and that between task-efficacy and effort. It was
hypothesized that task-efficacy would be significantly
related to both performance and effort.
With institutional ethical approval, 44 male sports
students were recruited using a snowball sampling
technique (mean age 21.3 years, s¼ 2.9). Measures
included a 5-item self-efficacy scale (SE1) that was
designed in accordance with Bandura’s (2001:
Stanford University Publication, 1 – 31) recommenda-
tions (Cronbach alpha¼ 0.89), a pre-validated bas-
ketball performance scoring criteria developed by
Pates et al. (2001: Journal of Applied Sport Psychology,
13, 84 – 102), and a single-item exerted effort scale
(SE2) as used by George (1994). Consenting
participants completed the self-efficacy measure
before performing five regulation basketball free-
throws. After completing the task, participants
completed the single-item perceived exertion
measure.
A Pearson’s correlation indicated a significant
positive relationship between the variables of self-
efficacy and performance (r¼ 0.81, P5 0.05) and
self-efficacy and exerted effort (r¼ 0.37, P5 0.05).
The positive relationship observed between self-
efficacy and objective performance in the present
study supports the findings of Moritz et al. (2000).
However, the results observed in the current study
demonstrate a much stronger correlation between
variables (r¼ 0.81) than in the study of Moritz and
colleagues (r¼ 0.38). An explanation for this finding
relates to the high concordance between measures
(see Moritz et al., 2001). Also supported is the notion
proposed by Bandura (1997: Self efficacy: The exercise
of control. New York: W. H. Freeman) that judge-
ments of efficacy are a major determinant of one’s
effort expenditure. Further research may wish to
consider the impact of gender and previous sporting
accomplishments on the variables assessed in this
study.
Exploring flow in female dancers
K. A. Davies & S. Galloway
University of Wolverhampton, UK
Understanding and enhancing the experiences of
athletes is one of the primary objectives of applied
sport psychologists (Jackson, 1992: Journal of Applied
Sports Psychology, 4, 161 – 180). Despite this, ath-
letes’ experiences are generally neglected both in
research and practice due to an emphasis on
objective parameters of experience, such as beha-
viour and competitive outcomes (Kimiecik & Stein,
1992: Journal of Applied Sports Psychology, 20, 358 –
378). Recently, there has been a demand from the
dance science community for research examining
psychological states accompanying successful dance
performance (Nieminen et al., 2001: Research in
Dance Education, 2, 175 – 193). Flow, an optimal
psychological experience, has been linked to such
concepts as peak performance and peak experience
(Jackson & Roberts, 1992: The Sport Psychologist, 6,
156 – 171). The aims of this study were to provide an
in-depth account of the flow construct as it occurs in
female dancers and to identify possible facilitative
and preventative factors.
After receiving institutional ethical approval, 76
female dancers (mean age 20.7 years, s¼ 1.3) were
recruited using a criterion-based sampling method.
All participants completed the Flow State Scale
(FSS) questionnaire (Jackson & Marsh, 1996:
Journal of Sport and Exercise Psychology, 18, 17 – 35)
(Cronbach alpha¼ 0.80), and a convenience sample
of five participated in a semi-structured interview.
Qualitative findings were deductively analysed into
the nine dimensions of flow. Antecedents and
preventatives were analysed using an inductive-
deductive-inductive framework, and descriptive sta-
tistics were calculated for the nine dimensions of the
FSS questionnaire.
Qualitative results indicated that 95.56% of all raw
data themes could be deductively classified into
Csikszentmihalyi’s (1990: Flow: The psychology of
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optimal experience. New York: Harper & Row) Model
of Flow, indicating that the experience was as the
psychological literature describes it. Subscale scores
from the FSS questionnaire revealed that dominant
characteristics were those of autotelic experience,
concentration on task, clear goals, action – awareness
merging, and challenge – skill balance, represented
by mean scores 44 (scale 1 to 5). Factors seen as
facilitating the flow experience were classified into
nine themes (pre-performance plans, confidence and
positive attitude, optimal physical preparation and
readiness, optimal arousal, motivation, performance
feeling good, focus and concentration, optimal
environmental conditions, and positive influence of
others), and preventatives were classified into five
themes (non-optimal environmental conditions, pro-
blems with physical state and readiness, inappropri-
ate focus, performance errors, and self-doubt).
The findings of this study suggest that no single
factor is responsible for the occurrence of flow in
female dancers, but instead flow occurs due to a
process in which several personal and situational
factors interact to produce an optimal experience.
Intervention strategies to enhance episodes of flow
should consider the interaction between personal
and situational factors.
Using a ‘‘sports group’’ as an adjunct therapy
for psychosis
N. J. Ellis1, S. Grogan1, R. Davey1, & D. Crone2
1Staffordshire University and 2University of
Gloucestershire, UK
Exercise is increasingly used as an adjunct therapy
for people experiencing psychosis. Although the
mental health benefits associated with exercise are
recognized, there is a dearth of quality research
examining the impact of exercise within this popula-
tion group (Skrinar et al., 2005: Psychiatric Rehabi-
litation Journal, 29, 122 – 127). Here, we report
preliminary findings from the first in a series of
interviews with service providers.
Ethical approval was obtained from the local NHS
Research Ethics Committee. Semi-structured one-
to-one interviews were conducted with four service
providers involved with a sports group for people
experiencing first-onset psychosis and analysed using
Interpretative Phenomenological Analysis (Smith
et al., 1999: In Qualitative health psychology, edited
by M. Murray & K. Chamberlain. London: Sage).
Analyses revealed three key superordinate themes:
health, community, and engagement. Service provi-
ders believed that service users received a number of
health benefits from attending the sports group,
including increased confidence, energy and fitness,
and improvements in mood and psychotic symp-
toms. However, most of these benefits were attrib-
uted to the advantages of participating in a group
activity, in addition to the physical activity itself.
Service providers perceived that both the specific
nature of the sports and the use of group activities
were fundamental to scheme success.
The community-based nature of the sports group
was identified as an important aspect of the scheme.
Activities took place in a leisure centre, therefore
encouraging social interaction in a community
setting, with the support of the sports group. It was
also thought that participation conferred social
benefits through service user familiarity with local
services. Moreover, the group played an important
role in addressing the stigma often associated with
mental health problems by normalizing use of
community facilities by this patient group. This
supports the work of Raine et al. (2002: Journal of
Mental Health, 11, 43 – 53).
Service providers perceived the sports group as a
means of facilitating engagement by providing an
opportunity to monitor service users in a non-clinical
setting, especially those who avoided more conven-
tional therapies. The sports group was thought to
provide a relaxed environment where service users
were free to discuss their treatment and their shared
experience, which was often useful for engagement
during other therapies (Crone, in press: Issues in
Mental Health Nursing).
Although the sports group was viewed favourably,
there were slight concerns relating to service user
institutionalization, financial constraints, and prac-
tical issues relating to the organization and day-to-
day running of the group.
Does exercise have an acute effect on desire to
smoke, mood, and withdrawal symptoms in
abstaining adolescent smokers?
E. S. Everson1, A. J. Daley2, & M. Ussher3
1Sheffield Hallam University, 2University of
Birmingham and 3St. George’s, University of London,
UK
Exercise has been identified as a useful smoking
cessation aid among adults (Ussher, 2005: The
Cochrane Library, 4). However, no studies have
investigated whether exercise can help younger
smokers to quit. Before such interventions can take
place, it is necessary to conduct controlled studies
that ascertain the impact of exercise on withdrawal
symptoms and cigarette cravings in young smokers.
Previous studies have shown that exercise acutely
reduces the desire to smoke and withdrawal symp-
toms among abstinent adult smokers (e.g. Ussher
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et al., 2001: Psychopharmacology, 158, 66 – 72).
However, no study has examined these effects in
younger smokers. The purpose of this study was to
investigate the impact of a short bout of moderate-
intensity exercise on desire to smoke, withdrawal
symptoms, and affect in temporarily abstinent
adolescent smokers.
After receiving ethical approval from the institu-
tion of the lead author, 37 low-active (exercising
twice a week or less) male and female smokers
(moderate exercise condition: mean 13.4 cigarettes
per day, s¼ 2.5; placebo control condition: mean
13.8 cigarettes per day; s¼ 3.3) aged 16 – 19 years
(moderate exercise condition: mean 17.7 years,
s¼ 1.1; placebo control condition: mean 17.8 years,
s¼ 0.9) abstained from smoking overnight and were
assigned to either (i) 10 min of moderate-intensity
cycle ergometry (n¼ 18) or (ii) a placebo control
condition that involved very light-intensity cycle
ergometry (n¼ 19). A single measure of desire to
smoke (West et al., 1989: Psychological Medicine, 19,
981 – 985), the Mood and Physical Symptoms Scale
(MPSS; West & Hajek, 2004: Psychopharmacology,
177, 195 – 199), and the Subjective Exercise Experi-
ence Scale (SEES; McAuley & Courneya, 1994:
Journal of Sport and Exercise Psychology, 18, 408 – 419)
were administered at baseline, 5 min during, 5 min
after, and 30 min after both conditions.
A series of repeated-measures (condition6time)
analyses of covariance revealed a significant interac-
tion effect for SEES psychological distress scores
(F2,66¼ 3.63, P¼ 0.032). Follow-up tests indicated
that the exercise group reported significantly higher
psychological distress scores than the placebo control
during exercise (t35¼ 2.0, P5 0.05), but not at any
other time point. No other significant effects were
found for any other variables.
Unlike research involving adult populations (e.g.
Ussher et al., 2001), a short bout of moderate-
intensity exercise did not alter desire to smoke
among abstaining adolescent smokers and may
negatively impact affective responses during exercise.
Further research is needed before exercise can be
used as a cessation aid in young smokers.
Developing physical activity promotion
postcard-style prompts for young adults
E. S. Everson1, A. J. Daley2, & M. Ussher3
1Sheffield Hallam University, 2University of
Birmingham and 3St. George’s, University of London,
UK
Physical activity has many immediate and long-term
health benefits for young people. However, many
young people are not active enough to benefit
(Hardman & Stensel, 2003: Physical activity and
health: The evidence explained. London: Routledge).
Physical activity prompts have been identified as a
useful component of physical activity promotion
interventions among young adults (e.g. Woods
et al., 2002: Health Education Research, 17, 451 –
460), but no such research has attempted to validate
the prompts prior to use. The purpose of this study,
therefore, was to systematically evaluate physical
activity messages designed for young adults, by
asking these individuals to rate a series of prompts
on practical characteristics.
After receiving ethical approval from the institution
of the lead author, 12 postcard-sized physical activity
prompts were developed using published public
health information from leaflets, and were divided
into two discrete sets: informational prompts and
motivational prompts. Following consultation with
eight sports, exercise, and health experts, two
prompts from each set were eliminated. Young adults
(n¼ 141) ranked the four informational and four
motivational prompts on survey items relating to the
practical use of the prompts: motivational, informa-
tive, appealing, likely to prompt physical activity, like
to receive in the post, and likely to keep.
The most and least popular informational and
motivational prompts were determined using a series
of binominal tests of proportions (proportion set at
0.25). The two most popular prompts were those
presenting information about the benefits of physical
activity: card 4 (informational) and card 5 (motiva-
tional). Card 4 was ranked highest on the items
informative (n¼ 122/141, P5 0.01), likely to
prompt physical activity (n¼ 53/141, P¼ 0.001), like
to receive in the post (n¼ 75/141, P5 0.01), and
likely to keep (n¼ 83/141, P5 0.01). Card 5 was
ranked highest on the items motivational (n¼ 52/
141, P¼ 0.001), appealing (n¼ 72/141, P5 0.01),
and likely to prompt physical activity (n¼ 50/141,
P¼ 0.003). The least popular prompts were a
specific message to accumulate 10,000 steps per
day (card 1) and a direct instruction to do some
physical activity (card 8). Card 1 was ranked lowest
on the items informative (n¼ 66/141, P5 0.01),
likely to prompt physical activity (n¼ 46/141,
P¼ 0.025), like to receive in the post (n¼ 72/141,
P5 0.01), and likely to keep (n¼ 70/141, P5 0.01).
Card 8 was ranked lowest on the items likely to
prompt physical activity (n¼ 72/141, P5 0.01), like
to receive in the post (n¼ 83/141, P5 0.01), and
likely to keep (n¼ 79/141, P5 0.01).
The findings of this study may provide useful
information to guide the development of print-based
messages that promote physical activity in young
people in different contexts. This study also highlights
the importance of evaluating physical activity promo-
tional materials before including them in studies.
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A qualitative investigation of golfing ability,
imagery content, and imagery ability
J. Finn1 & Steve Pack2
1Leeds Metropolitan University, UK and 2University of
Hertfordshire, UK
Imagery is a popular mental skill advocated by sport
psychologists. Research has focused on imagery ability
and imagery content. Both have been suggested to
vary with athletic ability, although empirical research
has provided little or no evidence to support this belief
(e.g. Gregg, 2005: The Sport Psychologist, 19, 93 – 99).
Quantitative methods of inquiry used to investi-
gate imagery ability and imagery content may lack
the sensitivity to elicit critical variables underpinning
individual imagery differences (Munroe et al., 2000:
The Sport Psychologist, 14, 119 – 137). Consequently,
the aim of this study was to conduct a qualitative
investigation of golfing ability, imagery content, and
imagery ability.
After receiving institutional ethical approval, six male
golfers (mean age 25.4 years, s¼ 3.2), three amateurs
(mean handicap 21.3, s¼ 0.6) and three professionals,
participated in a 30-min semi-structured interview
supported by an interview guide. This comprised a
series of imagery general and imagery specific open-
ended questions based on those formulated for the
MIQ-R (Hall & Martin, 1997: Journal of Mental
Imagery, 21, 143 – 154). Interviews were transcribed
verbatim and analysed using elements of grounded
theory analysis (Miles & Huberman, 1994: An expanded
sourcebook: Qualitative data analysis. California: Sage).
Inductive analysis was initially utilized to generate six
causal networks. Deductive cross-case analysis was then
applied and three matrices were constructed.
Analysis illustrated that both high skilled (profes-
sional) and low skilled (amateur) golfers possessed
high imagery ability. However, low skilled golfers
reported that their imagery ability was inconsistent,
particularly on occasions where they were attempting
to imagine an unfamiliar shot: ‘‘the image is distorted
because I know my capabilities aren’t as great in my
short game’’.
Contrary to previous quantitative research, the
results suggest that low skilled golfers included more
kinaesthetic and auditory facets in their imagery.
High skilled golfers emphasized the importance of
keeping their imagery simple, generally only utilizing
visual imagery: ‘‘just trying to keep it as simple as I
can in my own mind . . . I just try to visually see what
the ball is going to do . . . I don’t try to get too
technical on the golf course’’.
This qualitative study supports previous quantita-
tive research suggesting that imagery ability may not
be a predictor of athletic performance. Qualitative
analysis of imagery content suggested that high
skilled golfers were unwilling to engage in multi-
faceted imagery as they feared the negative con-
sequences of being too technical.
Cardiorespiratory functional equivalence
during execution and observation of running:
An exploratory investigation
J. Finn1, R. Hayman2, & P. Holmes2
1Leeds Metropolitan University and 2Manchester
Metropolitan University, UK
Neuroscientific research has identified a functional
equivalence between execution and observation of an
action (Grezes & Decety, 2001: Human Brain
Mapping, 12, 1 – 19). The principle of this functional
equivalence suggests that mirror neurons located in
the premotor cortex are selectively activated when a
specific action is both performed and observed
(Rizzolatti & Craighero, 2004: Annual Review of
Neuroscience, 27, 169 – 192).
Equivalence between observation and execution
has been found in humans using both central and
peripheral indices paradigms (e.g. Iacoboni et al.,
1999: Science, 286, 2526 – 2528; Mulder et al., 2005:
Experimental Brain Research, 163, 344 – 351). The
latter may represent activation of central indices.
However, previous sports-based research has only
shown the execution – observation matching system
in central indices (Calmels et al., 2006: Human Brain
Mapping, 27, 251 – 266). The aim of this study was to
examine the functional equivalence between high-
intensity treadmill running and three observation
conditions: (a) video and audio, (b) video, and
(c) audio. The dependent variables were cardio-
respiratory markers of aerobic performance.
In the first stage, six national and international
standard male endurance runners (mean age 27.2
years, s¼ 5.6) participated in a treadmill running
condition. They performed at 0%, 50%, 80%, and
100% of maximal oxygen consumption ( _V O2max)
while heart rate, breathing frequency, and minute
ventilation were recorded by telemetry and online
gas analysis. In the second stage, participants
observed themselves visually and/or audibly running
at 0%, 50%, 80%, and 100% of their _V O2max. In
each case, the runners stood in a similar anatomical
running position on the treadmill. In the auditory
condition, the treadmill was running at the appro-
priate speed while the runner was stood on a
platform over the belt. For the visual condition, a
large screen showing video footage of athletes
running was placed in front of the treadmill. Heart
rate, breathing frequency, and minute ventilation
were recorded throughout each condition.
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Statistical analysis revealed a significant difference
between the running condition and the three
observation conditions for measured peripheral
indices. There was no significant difference between
observation conditions. However, when the observa-
tion data were combined, a significant relationship
between physical activity and observation breathing
frequency rates (r¼ 0.97, P5 0.05, effect size¼
3.76) became apparent.
These findings are in agreement with previous
research and indicate that central and peripheral
mechanisms can be functionally activated from the
observation of action.
What’s the (big) difference between ‘‘positive
affect’’, ‘‘a positive affect’’, and ‘‘the positive
effect’’? Rhetorical and semantic issues in
competitive stress and anxiety research
D. Fletcher
University of Essex, UK
Competitive stress and anxiety is a topic that has
attracted considerable attention and debate among
academics (Woodman & Hardy, 2001: In Handbook
of research on sport psychology, edited by R. Singer
et al. New York: Wiley). Scholars commonly refer to
the ‘‘conceptual confusion’’ that has plagued this
area of research and deliberate in detail about the
nature of the anxiety – performance relationship in
sport. The thesis presented here contends that for the
most part this confusion stems not from fundamental
conceptual differences, but rather inconsistent and
inappropriate use of language to describe stress-
related phenomena. Using a range of heuristic and
linguistic devices, this discussion highlights various
rhetorical and semantic issues and their implications
for understanding competitive stress in sport.
The main part of the presentation consists of a
critical review of stress-related terms that are
commonly used within the literature. To facilitate
understanding, these terms are compared and con-
trasted to illustrate their correct use in scientific
writing. Comparisons include: ‘‘stress’’ versus
‘‘anxiety’’; ‘‘non-competition stress’’ versus ‘‘orga-
nizational and/or personal stress’’; ‘‘stimulus and/or
stressor’’ versus ‘‘response and/or strain’’; ‘‘stres-
sors’’ versus ‘‘sources of stress’’; ‘‘interaction’’ versus
‘‘transaction’’; ‘‘perception’’ versus ‘‘appraisal’’;
‘‘evaluation’’ versus ‘‘interpretation’’; and ‘‘con-
cern’’ versus ‘‘worry’’. Discussion then focuses on
distinguishing between the phrases: ‘‘facilitative/
positive anxiety (as an oxymoron resulting in anxiety
being erroneously conceived as a positive affective
state)’’; ‘‘facilitative interpretation of competitive
anxiety (in relation to its potential affect or influence
on subsequent performance)’’; and ‘‘the (actual)
positive effect (or consequence) of competitive
anxiety on performance’’. The presentation culmi-
nates with the implications of these issues for
theoretical advances, empirical research, methodo-
logical design, psychometric assessment, and applied
practice in competitive stress in sport.
While it is important that conceptualizing stress-
related phenomena does not become an obligatory
task for academics, the key message to emerge from
this discussion is that it is not just a pedantic exercise
in semantics. The language that scholars use has a
fundamental impact on the interpretation, under-
standing, and application of their work. Further-
more, researchers in this area have a moral obligation
to carefully consider their rhetoric so that they
accurately capture the competitive stress experiences
of sport performers.
The salience of anger in sport organizations
C. R. Wagstaff1, D. Fletcher2, S. Hanton2, & S. Lee3
1University of Wales Institute, Cardiff, 2University of
Essex and 3Hartpury College, Gloucester, UK
Anger is a negative emotion that can have a
significant effect on athletes’ behaviour and perfor-
mance (Isberg, 2000: In Emotions in sport, edited by
Y. L. Hanin. Champaign, IL: Human Kinetics).
Given the potential impact of this emotion, it is
surprising that the identification of its antecedents in
sport-related contexts has received little empirical
attention. This is in contrast to anxiety, which has
been studied in detail and shown to be caused
predominantly by performance-related stressors (e.g.
Lane et al., 1995: Perceptual and Motor Skills, 80,
911 – 919). The purpose of this study was, therefore,
to investigate the experience and aetiology of anger
in athletes.
Semi-structured interviews were conducted with
12 sport performers (6 males, 6 females) aged 18 – 24
years (mean age 21.1 years, s¼ 1.9). Examples of
questions included ‘‘Can you tell me about a time
you felt angry in a sport-related situation’’ and
‘‘What was it that made you angry?’’ Following
transcription, the data were analysed using
categorical-content analysis to identify (a) the occur-
rence of anger and (b) the cause of this emotion. In
terms of the ‘‘goodness criteria’’ used to judge the
data analysis, we adopted the use of a reflexive
journal, regular discussions with ‘‘critical friends’’,
and member checks with participants. All of the
athletes recalled experiencing anger during their
careers, primarily in response to events associated
with the sport organization within which they were
operating. The main antecedent themes were: team
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selection, role and responsibility issues, interpersonal
dynamics, support after injury, refereeing decisions,
and unfairness or ambiguity in funding.
The main messages to emerge from this study are
that, firstly, anger is a highly salient emotional
response in sport performers and, secondly, that
the antecedents of this emotion appear to differ to
those of anxiety. More specifically, the data indi-
cate that organizational stressors, as opposed to
performance-related demands, are the common
triggers of the experience of anger in athletes. From
a practical perspective, it is likely that the sole use of
psychological skills training will be insufficient to
combat the adverse effects of anger in organizational
contexts and that consultants should consider
employing supplementary strategies such as anger
management and emotional intelligence training.
Finally, future researchers may wish to investigate
the efficacy of interventions in managing anger and
helping performers use this emotion in a facilitative
and constructive manner.
Assessing validity within the Children and
Youth Physical Self-Perception Profile in
young children
L. Foweather1, A. Lees1, R. C. Graham1,
M. R. Stone1, G. Stratton1, & A. M. Batterham2
1Liverpool John Moores University and 2University
of Teesside, UK
The Children and Youth Physical Self-Perception
Profile (CY-PSPP) (Whitehead, 1995: Pediatric
Exercise Science, 7, 132 – 151) is a common research
tool designed to assess children’s physical self-
perceptions and potential influences on behaviour.
Welk and Eklund (2005: Psychology of Sport and
Exercise, 6, 51 – 65) recently validated the CY-PSPP
in young children but warned that its use in children
below the age of 9 requires further validation. The
purpose of this study was to examine the concurrent
validity of two sub-domains of the CY-PSPP,
physical condition and body attractiveness, in
8- and 9-year-old children.
Sixty-one children (37 girls and 24 boys: mean age
9.1 years, s¼ 0.3) were recruited from three local
schools following institutional ethical approval. All
children completed the CY-PSPP to establish
perceptions of body attractiveness (physical attrac-
tiveness, ability to maintain an attractive body,
confidence in one’s appearance) and physical condi-
tion (stamina, fitness, ability to sustain exercise,
confidence in exercise settings). To examine body
attractiveness, all children were measured for body
mass and stature to calculate their body mass index
(BMI) (body mass/stature2). Peak _V O2, assessed by
breath-by-breath measurement (Oxycon Pro, Jaeger)
of oxygen consumption using a discontinuous tread-
mill protocol, served as a marker of physical
condition. Pearson product – moment correlations
were used for statistical analyses.
There was no significant relationship (P¼ 0.376)
between BMI and perceived body attractiveness for
the sample as a whole (r¼70.115), or in the
separate analyses of boys (r¼70.131) or girls (r¼
70.092). There was no significant relationship
(P¼ 0.652) between peak _V O2 and perceived
physical condition for the group as a whole (r¼
0.059), boys (r¼70.039) or girls (r¼70.016).
These findings suggest that there is a non-
significant and weak relationship between children’s
perceptions of body attractiveness and physical
condition and the objective indicators of these
constructs used in this study. Perceptions of physical
competence are normally derived from two sources:
actual competence and social support. Thus children
of this age may rely on adults (particularly parents
and teachers) to create perceptions (Harter, 1982:
Child Development, 53, 87 – 97), rather than actual
competencies. Relationships between variables may
have been further confounded by the possible
insensitivity of BMI as an objective indicator of body
attractiveness, and the small sample size used. This
study raises concerns regarding the validity of the
CY-PSPP in young children. Further research is
recommended to assess validity before use.
The effects of self-talk and centring
on amateur golfers
S. Galloway & I. Clifton
University of Wolverhampton, UK
Numerous studies have shown that mental skills
training is an effective intervention for enhancing
athletic competitive performance (Harvey et al.,
2002: International Sports Journal, 6, 84 – 91;
McCaffrey & Orlick, 1989: International Journal of
Sport Psychology, 20, 256 – 278). One of the more
recently used intervention packages is a combination
of self-talk and centring (Kendall et al., 1990: Journal
of Sport and Exercise Psychology, 12, 157 – 166;
Rogerson & Hrycaiko, 2002: Journal of Applied Sport
Psychology, 14, 14 – 26)
Giacobbi et al. (2004: Journal of Applied Sport
Psychology, 16, 166 – 182) emphasized the impor-
tance of self-talk and centring (relaxation). Qualita-
tive results suggested that the participants used
positive self-talk that was intended to coach or
encourage themselves during competition. Six of
the 11 participants identified using centring (relaxa-
tion) to remove tension and relax the muscles.
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They also stated using centring as part of a pre-shot
routine, for example one deep long breath. The aim
of this study was to examine the effects of a self-talk/
centring package on anxiety and confidence of
amateur golfers.
A multiple baseline across participants design was
used. Six male amateur golfers (mean age 26.2 years,
s¼ 1.4; mean playing experience 8.1 years, s¼ 2.2)
participated in the study. The dependent variables
used in the study were golf performance, somatic
anxiety, cognitive anxiety, and confidence as
reported by the Anxiety Rating Scale-2 (ARS-2;
Cox et al., 2000: Journal of Sports Behavior, 23, 327 –
334). Anxiety data were collected on six occasions
throughout the round during each of the six
competitions included in the study.
After multi-collinearity was controlled for, a one-
way analysis of variance was performed using the
ARS-2 data. Results indicated significant decreases
in cognitive and somatic anxiety (P¼ 0.01) and a
significant increase in confidence (P¼ 0.001). Visual
inspection of both the intercept and slope showed
significant changes in golf performance for all but
two of the participants. The social validation results
indicated that the participants enjoyed using the
mental skills and considered it useful. However, not
all the participants were satisfied with the results.
The findings suggest that self-talk and centring
were successful in improving golf performance and
reducing anxiety. These findings are in line with the
results of Rogerson and Hrycaiko (2002), who found
small but significant effects for self-talk and centring.
Future research should address the amount of time
needed to develop self-talk and centring as a useful
intervention.
Meta-analysis of single-participant studies in
sport psychology
S. Galloway, K. Davies, & J. Scott
University of Wolverhampton, UK
There has been a proliferation of single-participant
studies in applied sport psychology (Hrycaiko &
Martin, 1996: Journal of Applied Sport Psychology, 8,
152 – 166). The ability to assess the effectiveness of
these studies has remained difficult due to the nature
of single-participant analysis (Franklin et al., 1996:
Design and analysis and single case research. Hillsdale,
NJ: Lawrence Erlbaum). Several papers have
reviewed psychological interventions and their ability
to enhance performance (e.g. Greenspan & Feltz,
1989: The Sport Psychologist, 3, 219 – 236). However,
to date effect sizes have been neglected and as a
consequence it is difficult to determine the useful-
ness of these studies.
Inclusion criteria for this meta-analysis required all
papers to be published in peer-reviewed journals and
to have a performance measure as the dependent
variable. A total of 30 studies were included (1980 to
present). There were 63 effect sizes produced for
performance markers and 14 effect sizes produced
for psychological markers. This study analysed the
effect of different psychological interventions, and
the weighted values of the effect sizes due to
intervention data point length. Percentages of non-
overlapping data points (PND) were applied to each
intervention (Scruggs et al., 1987: Remedial and
Special Education, 8, 24 – 33).
The percentages of the interventions studied were:
behavioural 60.7%, cognitive-behavioural 15%, cog-
nitive 9.4%, and multi-packages 15%. The length of
the intervention correlates positively with effect size
(rs¼ 0.15, P5 0.01). The Kruskal-Wallis test was
significant (H4¼ 31.63, P5 0.001). A follow-up
corrected Mann-Whitney test showed significant
differences between behavioural (70.04, s¼ 40.60)
and the other three interventions (P5 0.001),
cognitive-behavioural (58.82, s¼ 35.35) and multi-
package (32.62, s¼ 34.83) (P¼ 0.003), and cognitive
(57.60, s¼ 40.44) and multi-package (32.62, s¼
34.83) (P5 0.01).
Weinberg and Comar (1994: Sports Medicine, 18,
406 – 418) recommend that the average length of a
psychological intervention phase should be between
3 and 6 months. It appears that the limited number
of data points recorded during the intervention phase
contributes to the efficacy of the intervention. The
classification of psychological interventions is a
subjective process that must be scrutinized; the
groupings in the present study are based on the
content of the intervention programme. Future
research should look to utilize appropriate single-
participant methodologies if findings are to be
acknowledged.
Effects of instructional self-talk and centring on
junior male basketball free-throw shooting
S. Galloway & S. Martin
University of Wolverhampton, UK
Mental training packages have been used in basket-
ball previously (Pates et al., 2002: The Sport
Psychologists, 16, 34 – 47). However, no study has
examined junior male athletes’ free-throw accuracy.
Little research has focused on instructional self-talk
(Landin & Hebert, 1999: Journal of Applied Sport
Psychology, 11, 263 – 282; Harvy et al., 2000: Inter-
national Sport Journal, 6, 84 – 91). Thus, there is a
need to further examine the effectiveness of instruc-
tional self-talk during competition.
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The process of centring is implemented through a
breathing technique, which is intended to produce
physical balance by relaxing the muscles through
deep breathing. It is suggested that centring can help
an athlete concentrate and refocus their attention
upon their performance to obtain focus (Nideffer,
1994: Psyched to win. Champaign, IL: Leisure Press).
The aim of this study was to determine if a self-talk
centering package would be useful for adolescent
boys’ free-throw performance during a game.
After receiving ethical approval, 10 males (mean
age 12.5 years, s¼ 0.45) participated in the study. A
multiple-baseline design across individuals was
employed. Free-throw scores were as follows: 1¼ air
ball (nowhere near the basket), 2¼ hit the rim, and
3¼ basket. Analysis was completed by visual inspec-
tion and the Wilcoxon signed rank test.
There was a significant difference between base-
line (2.20, s¼ 0.16) and intervention with regards to
free-throw accuracy (2.30, s¼ 0.19) (t¼ 8.00, P¼
0.04). Manipulation checks found that eight of the
ten athletes did not find centring useful. For
example, participant 2 stated: ‘‘I thought that
breathing is something that we do anyways, it didn’t
help much’’.
Our findings support the efficacy of the interven-
tion package, although the results of the manipula-
tion check suggest that the increase in free-throwing
values were due to the instructional self-talk rather
than the centring. These findings lend some support
to the effectiveness of instructional self-talk (Mallet
& Hanrahan, 1997: The Sport Psychologist, 11, 72 –
82). Future research should investigate the efficacy of
centring on its own.
Periodization of mental skills:
An environmental focus
S. Galloway1 & L. Vaisetaite2
1University of Wolverhampton, UK and 2Vilnius
Olympic Sport Centre, Lithuania
The periodization of mental skills is synonymous with
the organization of psychology skills (Bacon, 1989:
Science Periodical on Research and Technology in Sport,
10, 1 – 8). However, to date there has only been a
logical ordering of skills within the physical training
environment (Holliday, 2006: AAASP Conference,
p. 43. Vancouver, Canada). Blumenstein et al. (1995:
Applied research in coaching and athletics annual.
Boston, MA: American Press) supported a case for
the application of the mental skills determined by
environmental demands. The purpose of this study
was to explore whether general psychological themes
exist across training phases.
Ethical approval was granted from the institution
of the lead author. Four Lithuanian athletes and four
Hungarian athletes (mean age 24.3 years, s¼ 3.6)
volunteered to participate in a semi-structured
interview focusing on their psychological condition
during the various phases of a training year.
Examples of questions included: ‘‘During the pre-
season how are you feeling in general?’’ and
‘‘How are you feeling after training?’’ Data were
analysed using content analysis as described in
Neuendorf (2001: The content analysis guidebook.
London: Sage). Triangulation of interview data was
reached based on the agreement of both authors.
Theme classification was used in non-parametric
analysis to examine similarities between the two
populations.
There were different themes throughout all phases
of training. During the preparatory phase, athletes
used strategies to deal with the monotony of high
volume training. The specialized phase resulted in
the ability to disassociate during high level/high
lactate training. The competition phase was repre-
sented by the athletes’ abilities to refocus after
mistakes through the use of various psychological
skills. One participant explained that, ‘‘you start
thinking – forget it. And so you carry yourself back,
not allowing yourself to get too depressed’’. The
regeneration phase was typified by the inability to
relax due to the feeling that others would gain an
advantage. Another participant stated, ‘‘I can’t stop
training hard in the off-season because I know my
competitors aren’t stopping, so I won’t stop!’’ The
correlation of classification themes to environment
between the two samples was significant throughout
all four phases (rs¼ 0.75 – 0.89, P¼ 0.012).
Results suggest that the different training phases
result in different psychological responses and pre-
ferred ways of dealing with these training effects.
Future research should seek to use participants in
countries with less organized training traditions.
Table I. Free-throw shooting difference between baseline and intervention phases.
Participants P1 P2 P3 P4 P5 P6 P7 P8 P9 P10
Baseline 2.38 2.35 2.3 2.13 2.44 2.1 2.01 1.96 2.17 2.25
Intervention 2.6 2.4 2.27 2.48 2.52 2.29 2.1 2.03 2.08 2.28
Difference þ0.22 þ0.05 70.03 þ0.35 þ0.08 þ0.19 þ0.09 þ0.07 70.09 þ0.03
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Investigation of coaching communication and
its effect on anxiety before performance
S. Galloway & A. Virk
University of Wolverhampton, UK
Coaches have the important role of helping to
monitor athletes’ anxiety through communication
(Burke, 1997: Journal of Interdisciplinary Research in
Physical Education, 2, 39 – 52). Burke suggests that
coaches must motivate athletes and manage conflicts
among players, all of which can be facilitated using
effective communication skills. The purpose of this
study was to assess whether athletes felt anxious after
communicating with a coach and to what extent that
they thought this was facilitative or debilitative.
After receiving ethical approval, 15 male footballers
(mean age 25.4 years, s¼ 3.2) and two coaches
participated in the study. The coaches performed
two team talks, during match-play and training,
during which the communication style was notated
using a coach’s communication inventory (Galloway
and Virk, submitted: AAASP Conference, Florida,
USA). The inventory notates verbal, autocratic, and
democratic communication, and non-verbal com-
munication, arm movement, body angle, and posi-
tion during communication.
Participants completed the Anxiety Rating Scale-2
(ARS-2; Cox et al., 2000: Journal of Sports Behavior,
23, 327 – 334) immediately after each team talk. The
coaching communication has shown preliminary
reliability. Inter-rater reliability (r) ranged from
0.82 to 0 .96 (Galloway and Virk, submitted).
Chi-square tests for frequency counts found no
significant differences in any of the communication
subscales between match and training domains. A
263 analysis of variance (ANOVA) examined
differences across coaching environments and
somatic, cognitive, and confidence directionality.
The ANOVA revealed a significant main effect
(F6,23¼ 33.04, P¼ 0.0012, Z2¼ 0.89), while follow-
up ANOVA resulted in significant differences be-
tween all variables (cognitive direction, P¼ 0.012;
somatic direction, P¼ 0.013; confidence, P¼
0.0015).
The results suggest that consistent coaching
communication across environments was not a
determinant of directional anxiety and confidence.
Rather, the environment seems to have an effect on
the perceived directionality of anxiety and confi-
dence. This is supported by Terry and Howe
(1984: Canadian Journal of Sport Science, 9, 188 –
193) and Terry (1984: Canadian Journal of Sport
Science, 9, 201 – 208), who suggest that if a coach is
consistent in his or her communication, the environ-
ment will be a positive reflection of that coach’s
consistency.
Future studies need to complete more observa-
tions of the coach during both practice and games to
be able to recognize an effect and draw causation
between coaching communication and behaviour.
To do or not to do (exercise): Physical activity
in the lives of people with cerebral palsy
C. J. Gaskin, M. B. Andersen, & T. Morris
Victoria University, Australia
We examined the lives of adults with cerebral palsy
who had minimal involvement in physical activity
(Judy, aged 60; Alana, aged 29), who were involved
in physical activity (Amy, aged 25; Ben, aged, 30), or
who had minimal involvement in physical activity
and who then participated in physical activity (David,
aged 27; Tim, aged, 24). After receiving ethical
approval, a life-history research approach (Denzin,
1989: Interpretive biography. Newbury Park, CA:
Sage) was used, with the participants’ stories being
interpreted using primarily psychodynamic theory
(Freud, Erikson, Adler, Basch) to gain insight into
their meaning and experiences of physical activity.
Judy and Alana had similar childhood experiences,
which included: performing difficult, and sometimes
painful, physiotherapy; wearing callipers to assist
their walking; lacking competence at physical activ-
ity; and being socially isolated from their classmates.
These aspects of their life histories seemed to
contribute to their subsequent avoidance of physical
activity and early onset of functional decline.
Amy and Ben had negative experiences with
physical activity as children (similar to Judy and
Alana), but were involved in, and valued, physical
activity as adults. Physical activity was a means of
displaying competence, delaying further functional
loss, and becoming socially connected.
David and Tim lost the ability to walk in early
adolescence. The minimal physical activity in which
they engaged during their adult lives was directed
towards trying to walk again. Walking seemed to be
intimately connected with psychosocial growth.
David’s weight-training programme seemed to pro-
vide him with another avenue for self-improvement
towards his goal of attracting a life partner. Tim’s
warm-water aerobic programme provided him with
an opportunity to develop competence at swimming
and at walking, and to enhance his self-esteem for
these activities.
Involvement in physical activity may be important
for people with cerebral palsy in their endeavours to
successfully face the various psychosocial challenges
throughout life. Implications of this research include:
parents and teachers of children with cerebral palsy
should provide support for their involvement in
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physical activity; physiotherapists should try to
reduce the pain and increase the perceived relevancy
of the treatments they deliver to young people with
cerebral palsy; and psychologists should be aware of
some of the difficulties people with cerebral palsy
face and how they may manifest in adults with the
condition.
Assessing the health condition and frequency
rate of depression of retired male national
football and wrestling teams
M. Goodarzi1, M. Sayaah2, R. Soori1, & B. Yoosefi3
1University of Tehran, 2Kashan Medical University
and 3University of Razi, Iran
The physical and psychological health of athletes is
one of the main subjects of exercise science and
physical education specialists. Elite athletes are the
focus of attention while they are playing for their
national teams, but after retirement as they disappear
from the public eye, they are soon forgotten and little
research is aimed at studying their health and life
conditions. Psychological as well as physical dete-
rioration, including obesity and depression, are
common health problems that these individuals face
after retirement from competition (Perna et al.,
1999: The Sport Psychologist, 13, 144 – 156). There-
fore, this study was designed to assess the health
and frequency of depression of retired national team
players.
A total of 34 retired (mean age 42.9 years, s¼ 9.7)
footballers and wrestlers who had represented Iran
voluntarily participated in this cross-sectional
research. Participants included 15 retired national
team football players and 19 retired national
wrestlers. The wrestlers were aged 31 – 46 years
(mean 39.0 years, s¼ 7.4) and the footballers 37 – 57
years (mean age 47.2 years, s¼ 10.4). The GHQ-28
(Noorbala et al., 2002: Hakim, 5 (1), 1 – 10) and
Beck Depression Inventory (BDI-21; Viinamaki
et al., 2004: Nordic Journal of Psychiatry, 58 (1),
49 – 53) were employed in this research. The cut-off
point for the BDI was set to 22.
Our results showed that 22% of retired national
footballers and 15% of retired wrestlers suffered
from severe depression as measured by the BDI. In
addition, there was a significant association between
depression measured by the BDI and the subscale of
depression in the GHQ-28 (r¼ 0.88, P¼ 0.001).
We conclude that the health of retired athletes in
both team sports such as football and individual
sports such as wrestling needs to be the concern of
sport authorities and health professionals. Health
problems such as depression are more prevalent in
retired footballers than their wrestler counterparts.
Preventive measures are recommended to assist
future retired athletes. In addition, retired athletes
from other sports should be the focus of future
studies.
Further examination of the relationship
between exercise dependence and self-esteem
in a British university environment
M. Groves1, K. Biscomb1, H. Matheson2, &
A. Nevill1
1University of Wolverhampton and 2University of
Wales, Newport, UK
It is generally considered that increased participation
in exercise is able to increase self-esteem (Scully
et al., 1998: British Journal of Sports Medicine, 32,
111 – 120). However, the study of Smith et al. (1998:
Journal of Sports Medicine and Physical Fitness, 38,
66 – 74) is one of just a few to consider whether a
desire to increase self-esteem through exercise
participation can influence the development of
exercise dependence. The aim of the present study
is to explore the relationship between exercise
dependence and self-esteem.
After receiving institutional ethics approval, sports
studies students at three British universities were
included within the sample. The three universities
reflected the different types of experience on offer to
higher education students in the UK. The first
institution was a redbrick university where students
enjoy a traditional university experience. For exam-
ple, students tend to leave the parental home for the
duration of their degree and study immediately after
finishing their schooling. The remaining two institu-
tions were post-1992 universities. Students at these
institutions were less likely to move away from the
parental home to study and were more likely to be
mature students. Participants at each university
completed the Exercise Dependence Questionnaire
(Ogden et al., 1997: Addiction Research, 5, 343 – 356)
and the Rosenberg Self-Esteem Scale (Rosenberg,
1965: Society and the adolescent image. Princeton, NJ:
Princeton University Press) on three separate occa-
sions during their degree courses.
Results indicated that there was a weak but
significant association between reported self-esteem
and exercise dependence (r¼70.23, P¼ 0.01).
However, longitudinal analysis suggested that any
relationship between exercise dependence and self-
esteem would be stronger at the redbrick university.
When self-esteem scores were incorporated as a
‘‘between-participants factor’’ in a repeated-
measures analysis of variance, which was undertaken
at each institution, the results revealed that chang-
ing levels of exercise dependence over time were
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significantly associated with reported self-esteem at
the redbrick university (F2,63¼ 6.89, P¼ 0.002). At
the post-1992 universities, changing levels of exercise
dependence over time were not significantly asso-
ciated with self-esteem.
This study presents evidence of a relationship
between exercise dependence and self-esteem within
a British university environment. It also provides
some indication that such a relationship may
manifest itself more strongly in a more traditional
university environment where students study away
from home for the duration of their degree course.
Gender and personality in sport burnout
E. Grylls & M. Spittle
University of Ballarat, Victoria, Australia
Sport burnout is a syndrome of physical/emotional
exhaustion, sport devaluation, and reduced sporting
accomplishment (Raedeke, 1997: Journal of Sport
and Exercise Psychology, 19, 396 – 417). Efforts to
understand sport burnout have focused on develop-
ing conceptual models. Although these models
provide a basis for understanding sport burnout,
the research on burnout in participants at various
standards of competition and factors related to sport
burnout is limited. These models predict several
factors that influence sport burnout, including stress,
unidimensional identities, and entrapment. Research
on non-sporting participants has found that person-
ality may predict burnout (Harris & Lee, 2004:
Services Marketing Quarterly, 25, 13 – 31). Gender has
shown to be a factor in sport burnout (Dale &
Weinberg, 1989: The Sport Psychologist, 3, 1 – 13).
This study aimed to extend the literature on sport
burnout by investigating the effect of gender and
personality on sport burnout.
After receiving ethical approval, 153 participants
(males: n¼ 79, mean age 26.6 years, s¼ 7.5; females:
n¼ 74, mean age 28.6 years, s¼ 12.4) from social to
international competitors completed the Maslach
Burnout Inventory, the NEO-FFI, and a demo-
graphic survey. The most common sports partici-
pants listed were netball, Australian football, tennis,
squash, hockey, athletics, basketball, and triathlon.
There were significant (P50.05) relationships
between personality and burnout, for example neuroti-
cism and sport devaluation (r¼ 0.37) and sporting
accomplishment (r¼70.27) among males, and neu-
roticism and physical/emotional exhaustion (r¼ 0.33)
and sporting accomplishment (r¼70.36) among
females. There were also significant differences between
males and females for sport devaluation (t145¼ 2.49,
P50.05), with males having a higher level of sport
devaluation. No significant difference was observed for
physical/emotional exhaustion (t147¼ 1.12, P¼ 0.27)
or sporting accomplishment (t144¼70.35, P¼ 0.72)
between males and females in independent samples
t-tests. A standard regression analysis found the best
predictors of burnout for males were neuroticism and
agreeableness, which predicted 28.5% of the variance
for sport devaluation (F5,72¼ 5.75, P50.01), and the
best predictor of burnout in females was neuroticism,
which predicted 19.1% of the variance for sporting
accomplishment (F5,64¼ 3.03, P50.05).
This research found significant relationships
between gender, personality, and sport burnout,
suggesting different personality factors in males and
females may play a role in sport burnout. However,
sport participants with particular personality traits,
specifically individuals high in neuroticism and low
in the other personality domains, may be prone to
sport burnout. Future research could further explore
the relationship between gender, personality, and
sport burnout in longitudinal studies.
‘‘It’s better than being in a catatonic state
and staring into the abyss’’: The perceived
role and purpose of sports therapy for people
in mental health services
H. Guy & D. Crone
University of Gloucestershire, UK
There is evidence for a positive relationship between
physical activity and mental health and illness
(Biddle et al., 2000: Physical activity and psychological
well-being. London: Routledge). As a consequence,
there are recommendations for exercise to be used as
an adjunct to treatment in mental health services.
However, despite these recommendations exercise is
still perceived as a neglected and under-utilized
intervention in mental health care (Callaghan, 2004:
Journal of Psychiatric and Mental Health Nursing, 11,
476 – 483). Although physical activity programmes
do exist in mental health services, little research has
been conducted on their outcomes for the people
who participate in them.
The aim of the study was to investigate the
experiences of service users who had successfully
participated in sports therapy as part of their
treatment (care) plan. The principal researcher is
also a service user who has participated in sports
therapy and these experiences provided an insight
into the research, especially in the design of the
interview schedule, data collection (empathy with
participants), and in the interpretation of the data.
The dual role of service user and researcher is
commended in contemporary mental health research
(Beresford, 2005: Epidemiologia e Psischiatria Sociale, 14,
4 – 9) and as such makes this study unique. The study
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was granted approval by the local NHS Research Ethics
Committee and Mental Health Trust, and also con-
formed to the ethical guidelines of the British Associa-
tion of Sport and Exercise Sciences. Using a qualitative
(grounded theory) methodology (Strauss & Corbin,
1999: Handbook of qualitative research. London: Sage),
11 adults (10 males, 1 female) who participated in sports
therapy were purposively sampled and interviewed
using focus groups (n¼ 2). Grounded theory analysis
produced nine themes. These included their perceived
role of sports therapy as a method of treatment, and
acting as a ‘‘lifeline’’, holistic benefits of participation
(such as providing an opportunity for purposeful activity
and a sense of satisfaction), and reasons for, and factors
affecting, participation. In the final theme, recommen-
dations, participants concluded that sports therapy
should be a more integral part of their care plans, which
should, through a structured and proactive recruitment
strategy, be available to more service users.
We conclude that, for the people who participate
in sport therapy in mental health services, it has a
role to play in their quality of life and is an integral
part of their health care. However, although there are
many perceived benefits to be gained from participa-
tion, according to these participants to achieve these
there are many factors to overcome. These include,
for example, motivation and anxiety, and increasing
general knowledge within mental health services
regarding its efficacy in the treatment of mental
health problems.
Does communication mediate the athlete
leadership – cohesion relationship?
J. Hardy1, M. A. Eys2, & T. M. Loughead3
1University of Wales, Bangor, UK, 2Laurentian
University, Canada and 3Windsor University, Canada
Support for a leadership – cohesion association is
evident in the coaching literature. However, a
neglected aspect of leadership is one that is offered
to team members by fellow athletes (e.g. veterans,
captains). Athlete leadership has been demonstrated
to serve three functions (Loughead et al., in press:
Journal of Sport Behavior): task (e.g. helping the team
perform to the best of its abilities), social (e.g. solving
interpersonal conflicts), and an external function
embodying leader behaviours that assist teams to
cope and adapt effectively to the external environ-
ment (e.g. representing the team at media confer-
ences). The aim of the present study was to examine
the relationship between athlete leadership, commu-
nication, and cohesion. More precisely, we wished to
determine whether communication mediated the
athlete leader dispersion (i.e. number of athlete
leaders/roster size) to cohesion relationship.
Altogether, 254 (138 males, 116 females) Cana-
dian university standard interactive team sport
athletes (mean age 20.6 years, s¼ 2.0) from 13 teams
were sampled. After obtaining institutional ethics
approval and informed consent, each athlete com-
pleted a cohesion inventory (GEQ; Carron et al.,
1985: Journal of Sports Psychology, 7, 244 – 266), a
6-item measure of effective communication (a¼
0.93), and three open-ended questions allowing
athletes to identify team members who provide task,
social, and external leadership, after a practice session
near the beginning of their competitive seasons.
Using a sequential regression approach, task
leadership was related to the cohesion measures of
ATG-T (b¼70.16, P5 0.05) and GI-T (b¼
70.14, P5 0.05) as well as communication (b¼
70.18, P5 0.01). Furthermore, communication
predicted ATG-T (b¼ 0.57, P5 0.001) and GI-T
(b¼ 0.71, P5 0.001). Finally, when communication
was controlled for, task leadership no longer pre-
dicted either aspect of task cohesion; thus, some
support for the mediation hypothesis was generated.
However, neither social nor external leadership
dispersion was associated with cohesion.
With regard to task leadership, it would seem that
low numbers of athlete leaders lead to more effective
communication within teams, which, in turn, con-
tributes to enhanced task cohesion. Thus, an applied
implication is that ‘‘less is more’’ – if the aim is task
cohesive teams that communicate well, a small core
of task leaders should be established. Consequently,
confusion about who to look to for task-oriented
leadership is reduced.
Effects of different combinations of mental and
physical practice in the acquisition, retention,
and transfer of a motor skill
R. Hemayattala, M. Sheikh, F. Bagherzadeh, &
A. Movahedi
University of Tehran, Iran
Mental practice is one of the exercise methods that
have been defined as ‘‘reconstruction of a motor
pattern in mind’’. In several studies, it has been
considered to be an effective factor in the enhance-
ment of athletes’ motor skill (Barr & Hall, 1992:
International Journal of Sport Psychology, 23, 243 –
261). The purpose of this study was to compare the
effects of different combinations of mental and
physical exercise in the acquisition, retention, and
transfer of a motor skill.
After receiving institutional ethics approval, 64
male students aged 12 – 15 years (mean age 13.4
years, s¼ 1.7) who were all novices in the criterion
skill (basketball penalty shot) were selected at
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random and assigned to one of eight groups (seven
experimental and one control). The groups were as
follow: 1, physical; 2, internal imagery; 3, external
imagery; 4, physicalþ internal imagery; 5, internal
imageryþ physical; 6, physicalþ external imagery; 7,
external imageryþ physical; 8, control. They under-
took 30 trials per session, three times a week for 8
weeks. A 10-trial basketball shooting test was used
for the pre-test scores and progression (acquisition,
retention, and transfer) of the participants in the
criterion skill. A paired t-test and one-way analysis of
variance, followed by a Tukey post-hoc test, were
used for statistical analysis.
Results revealed that all of the seven experimental
methods resulted in significant improvement in
acquisition (F¼ 13.97, P¼ 0.000), retention (F¼
18.39, P¼ 0.000), and transfer (F¼ 14.94, P¼
0.000) of the motor skill. The internal imageryþ
physical group showed the best performance in
acquisition, retention, and transfer tests.
In contrast to the findings of others (Mulder et al.,
2004: The Sport Psychologist, 9, 164 – 168), who
reported that mental training has no effect on motor
skill learning in novice performers, the present study
demonstrated that mental training, as well as
physical training, resulted in motor learning. We
found that a combination of physical and mental
training resulted in the greatest improvement in the
acquisition, transfer, and retention of the basketball
penalty shot. However, other studies have shown that
physical exercise is the most effective method for the
learning of motor skills.
The present study found that mental training, like
physical training, leads to motor learning and that a
combination of internal imagery and physical train-
ing, with the focus on internal imagery, is the best
method for learning the basketball penalty shot.
Effects of different music tempi on intrinsic
motivation and their relationship with music
preference during long-duration exercise
L. Jones & C. I. Karageorghis
Brunel University, UK
A body of work has examined the relationship
between exercise heart rate and preference for music
tempo (for a review, see Karageorghis & Terry, 1997:
Journal of Sport Behavior, 20, 54 – 68). Karageorghis
et al. (2006: Research Quarterly for Exercise and Sport,
77, 240 – 250) found a significantly (P5 0.05) higher
preference for fast tempo music (140 beats min71)
than medium tempo (120 beats min71) and slow
tempo (80 beats min71) music at 75% maximum
heart rate reserve. The study did not assess pre-
ference during long-duration exercise and the
authors suggested that continual exposure to high
tempo music might result in negative affective
responses, and moreover that a mixed-tempo condi-
tion might have a greater motivational effect than a
single-tempo condition. The aim of the present study
was to investigate the effects of three music tempi
conditions on intrinsic motivation and music tempo
preference during long-duration exercise.
After receiving ethical approval, 118 undergradu-
ates (mean age 20.2 years, s¼ 1.4) were surveyed to
establish their three favourite music artists for an
exercise context. A separate experimental group of
29 undergraduates (15 males: mean age 20.4 years,
s¼ 1.4; 14 females: mean age 20.7 years, s¼ 1.1)
selected the music of a single artist from a choice of
the three highest-rated artists from the earlier survey.
These participants walked at 70% maximal heart rate
reserve on a treadmill in three experimental condi-
tions (medium tempo, 115 – 120 beats min71; fast
tempo, 140 – 145 beats min71; mixed tempo,
medium-fast-fast-medium-fast-fast) and a no-music
control presented in counterbalanced order. The
Intrinsic Motivation Inventory and a tempo pre-
ference item were completed after each trial. Data
were analysed using a mixed-model 264 (gender6
condition) multivariate analysis of variance.
The gender6condition interaction was non-
significant (Wilks’ l¼ 0.90, F9,192¼ 0.99, P4 0.05,
partial Z2¼ 0.04). Contrary to expectations, the main
effect indicated that the medium tempo music
condition yielded the highest intrinsic motivation
scores (Wilks’ l¼ 0.31, F9,192¼ 13.34, P5 0.001,
partial Z2¼ 0.33). Specifically, enjoyment scores
were higher (P5 0.001, partial Z2¼ 0.33) for the
medium tempo than the mixed-tempo condition.
They were also higher for the three experimental
conditions compared with the control (P5 0.001,
partial Z2¼ 0.64). Tension scores were lower in the
experimental conditions compared with the control
(P5 0.05, partial Z2¼ 0.31). There were significant
differences for tempo preference (F2,26¼ 4.03,
P5 0.05, partial Z2¼ 0.13) with follow-up compar-
isons indicating that the medium tempo was
preferred to the mixed-tempo condition (95%
confidence interval¼ 0.05 – 1.38, P5 0.05). It was
concluded that medium tempo music was the most
appropriate for 70% maximal heart rate reserve.
The effects of competitive anxiety
on kickboxers
S. Kawycz & L. Smith
Liverpool Hope University, UK
Competitive anxiety has been of interest to research-
ers for several years. Martens et al. (1990) argue that
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competitive anxiety, especially cognitive anxiety, is
detrimental to an athlete’s performance. However,
Hardy (1997) believes that high cognitive anxiety
can, in fact, assist an athlete’s performance. There-
fore, this study aimed to examine the effects of
competitive anxiety on a kickboxer’s performance.
The kickboxers (n¼ 10) were green belts (inter-
mediate level) aged 20 – 40 years (mean¼ 26) at the
same martial arts club. This meant that every
participant was trained in the same style of kickbox-
ing. The participants were administered the Compe-
titive State Anxiety Inventory-2 (Martens et al.,
1990) 1 h before (pre competitive anxiety 1) and
then a few minutes before (pre competitive anxiety 2)
a competition.
The CSAI-2 testing focused on cognitive and
somatic anxiety, disregarding self-confidence. Dur-
ing the competition, the coach of the participants
watched and scored each individual on performance
using six assessment criteria points. Participants were
marked out of 10 on each criterion (maximum
score¼ 60). The results revealed that participants
displayed significantly higher cognitive anxiety as
competition approached (pre test 1 to pre test 2:
t¼ 2.689, P5 0.05). This was also true of somatic
anxiety (t¼ 3.167, P5 0.05). A significant negative
correlation was also evident between cognitive
anxiety a few minutes before competition (pre cogni-
tive anxiety 2) and performance score (r¼70.73,
P5 0.05). This was not true of cognitive and
somatic anxiety 1 h before competition, or somatic
anxiety a few minutes before competition (P4 0.05
in all cases). Also, those participants displaying high
somatic anxiety tended to achieve lower perfor-
mance scores, although this was not significant.
The results indicate that high cognitive anxiety a
few minutes before competition is detrimental to
kickboxing performance. This should be addressed
by sport psychologists through the completion of pre
performance routines to minimize the effects of this
anxiety, especially as competition nears.
Attendance, assessment, and enjoyment:
Exploring the learning process among sport
students
A. M. Lane, T. Devonport, & A. Barber
University of Wolverhampton, UK
It is commonly accepted that interventions should be
founded on theory and research. Evidence indicates
that self-efficacy (Lane et al., 2003: Journal of
Hospitality, Leisure, Sport and Tourism Education, 2,
59 – 66), coping skills and self-efficacy (Devonport &
Lane, 2006: Social Behavior and Personality, 34,
127 – 138) are associated with performance in several
domains. The purpose of this study was to explore
the predictive effectiveness of self-efficacy, coping
skills, and attendance at lectures on student perfor-
mance among first-year sport students.
After receiving institutional approval, 115 Level 1
sport students (76 males, 39 females; mean age 20.2
years, s¼ 4.16) completed a 40-item self-efficacy
measure that assesses respondents’ confidence in
their ability to complete Level 1 of a sports degree
(Devonport & Lane, 2006). The scale assesses five
dimensions of self-efficacy: (i) to manage time; (ii) to
use resources; (iii) to work in groups; (iv) to work
well in lectures; and (v) to communicate. A response
scale ranging from ‘‘not at all confident’’ (0) to ‘‘very
confident’’ (4) was used. The MCOPE (Crocker &
Graham, 1995: The Sport Psychologist, 9, 325 – 338)
was used to assess coping strategies. The MCOPE
comprises nine (12?) subscales: seeking social sup-
port for instrumental reasons; seeking social support
for emotional reasons; behavioural disengagement;
planning; suppression of competing activities; vent-
ing of emotions; humour; active coping; denial; self-
blame; wishful thinking; and increasing effort.
A 5-point Likert scale is used, where 1¼ ‘‘strongly
agree’’ and 5¼ ‘‘strongly disagree’’. Participants’
attendance at lectures was assessed using the
registers for each lecturer for each session over an
entire semester. Performance was assessed using the
average grade from a semester. Data were analysed
using correlation and stepwise multiple regression.
The model explored the extent to which student
grades could be predicted from self-efficacy, coping,
and attendance.
The results indicated that performance correlated
significantly with self-efficacy to communicate
(r¼ 0.20, P¼ 0.046), self-efficacy to manage time
(r¼ 0.20, P¼ 0.044), effort (r¼ 0.21, P¼ 0.037),
seeking support for instrumental reasons (r¼ 0.24,
P¼ 0.021), planning (r¼ 0.24, P¼ 0.020), beha-
vioural disengagement (r¼70.26, P¼ 0.02), denial
(r¼70.26, P¼ 0.01), active coping (r¼ 0.27,
P¼ 0.01), self-blame (r¼ 0.33, P¼ 0.002), seeking
support for emotional reasons (r¼ 0.35, P¼ 0.001),
and attendance (r¼ 0.45, P5 0.001). Multiple
regression results indicated four variables when seen
collectively accounted for 43% of the variance in
performance. Significant predictors included atten-
dance (b¼ 0.45, P5 0.001), seeking support for
emotional reasons (b¼ 0.29, P¼ 0.006), self-blame
(b¼ 0.28, P¼ 0.005), and denial (b¼70.56,
P¼ 0.009).
Results lend support to the notion that
coping skills are associated with academic per-
formance (Devonport & Lane, 2006). Future
research should look at the extent to which develop-
ing coping skills among students leads to enhanced
performance.
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Test – retest stability of emotional intelligence
test scores
A. M. Lane1, G. Gill1, & R. Thelwell2
1University of Wolverhampton and 2University of
Portsmouth, UK
Establishing stability, defined as observing minimal
measurement error in a test – retest assessment, is
vital to validating psychometric tools. Recent
research has proposed that test – retest stability can
be inferred when the majority of participants (90%)
should record differences within a referent value +1
(Nevill et al., 2001: Journal of Sports Sciences, 19,
273 – 278). Emotional intelligence is defined as ‘‘the
ability to monitor one’s own and others’ feelings and
emotion, to discriminate among them and to use this
information to guide one’s thinking and actions’’
(Salovey & Mayer, 1990: Imagination, Cognition and
Personality, 9, 185 – 211). It is argued that perfor-
mance might be enhanced through interventions
designed to raise emotional intelligence. Determin-
ing the relative stability of emotional intelligence is
important. Salovey and Mayer (1990) hint that the
construct should be malleable to the effects of an
intervention, but sufficiently stable to offset the
effects of random error. The aim of the present
study was to investigate the test – retest stability of an
emotional intelligence measure.
After receiving institutional approval, 38 sport
science students completed the 33-item Emotional
Intelligence Scale (EIS; Schutte et al., 1998: Person-
ality and Individual Differences, 25, 167 – 177). Parti-
cipants were asked to complete the EIS and were
then retested a week later. Results showed that 6
items on the 33-item scale reported test – retest
values within a value of 71/þ1 of over 90%. Fifteen
items were within a value of 71/þ1 of over 80%.
Using traditional methods to assess reliability, the
test – rest relationship for the global emotional
intelligence score (the sum of all emotional intelli-
gence items) was r¼ 74 (P5 0.01), with no sig-
nificant differences between scores (t36¼ 0.93,
P4 0.05). Although the moderate correlation and
no significant difference lend support to the pro-
posed stability of the EIS, it is argued these results
mask instability and preference should be given to
results for each item.
Findings suggest that the EIS scale shows poor
stability. Higher test – retest stability scores were
expected given the notion that emotional intelligence
is an ability and therefore should be stable unless
something occurs where change would be expected.
In the present study, there was no planned inter-
vention. A limitation of the present study is that
the sample size was small. Nevill et al. (2001)
recommended a sample size of at least 100. It is
evident that future research should consider the stabi-
lity of the EIS with a much larger sample and explore
factors that could be associated with instability.
Test – retest stability of mood measures
A. M. Lane & A. Nevill
University of Wolverhampton, UK
Establishing stability, defined as observing minimal
measurement error in a test – retest assessment, is
vital to validating psychometric tools. Recent
research has proposed that test – retest stability can
be inferred when the majority of participants (90%)
should record differences within a referent value +1
(Nevill et al., 2001: Journal of Sports Sciences, 19,
273 – 278). The aim of the present study was to
investigate the test – retest stability of two different
mood measures.
After receiving institutional approval, 97 sport
science students (66 males, 31 females; mean age
21.2 years, s¼ 2.1) completed the 24-item Brunel
Mood Scale (BRUMS: Terry et al., 1999: Journal
of Sports Sciences, 17, 861 – 872), using a response
time-frame of ‘‘How do you feel right now’’, and
the Hospital Anxiety Depression Scale (HADS:
Zigmund & Snaith, 1983: Acta Psychiatrica Scandi-
navica, 67, 361 – 370), which assesses mood using a
response time-frame of ‘‘How have you been feeling
in the past week?’’ Stronger test – retest agreements
are evidenced as the length of time an individual is
asked to report their affective responses increases
(Watson, 1988: Journal of Personality and Social
Psychology, 55, 128 – 141). Thus stronger test – retest
agreements should be found on mood responses to
‘‘past week’’ data than ‘‘right now’’ data. In the
present study, HADS scores should show stronger
test – retest stability agreements than BRUMS
scores. Participants completed the BRUMS and the
HADS twice with a 2-week interval.
Results using Nevill and colleagues’ (2001)
method indicated that the 20 items on the BRUMS
reported test – retest values within a value+1 of over
90%, with the items worn out, exhausted, energetic,
and tired reporting test – retest stability values
marginally below 90%. All HADS items showed
that 90% of participants reported test – retest differ-
ences within a value +1. As mood is proposed to be
transitory in nature, two reasons are forwarded to
explain stability in this instance. First, situational
factors including training, work stress, and competi-
tion stressors were relatively constant between tests,
and thus it is possible that the results show
participants’ typical mood states in everyday life.
Second, unpleasant mood such as anger, depression,
tension, and confusion showed low values and thus
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there was a floor effect. Future research should use
the method proposed by Nevill et al. (2001) in
conjunction with traditional methods to assess the
stability of mood states under conditions where
change might be expected.
Validity of the Brunel Mood Scale for use with
Italian and Hungarian athletes
A. M. Lane1, I. Soos2, E. Leibinger3, I. Karsai4, &
P. Hamar3
1University of Wolverhampton, UK, 2University of
Sunderland, UK, 3Semmeilweis University, Budapest,
Hungary and 4University of Pecs, Hungary
Demonstrating validity is fundamental to theory
testing. The 24-item Brunel Mood Scale (BRUMS;
Terry et al., 2003: Psychology of Sport and Exercise, 4,
125 – 139), which assesses anger, confusion, depres-
sion, fatigue, tension, and vigour, has been subjected
to a rigorous validation programme. The scale
assesses a narrow range of positive mood and recent
research has added calmness and happiness to
address this limitation (Lane & Jarrett, 2005: Journal
of Sports Science and Medicine, 4, 47 – 51). The aims
of the present study were twofold. The first was to
investigate the factorial validity of a 32-items
BRUMS for use with Hungarian and Italian stu-
dents, thereby extending validity to two different
languages. A second purpose was to develop
psychometrically valid measures with three items
per factor. The weakest loading item from each
subscale was removed and the data re-analysed.
Confusion was removed as items such as ‘‘con-
fused’’, ‘‘mixed-up’’, ‘‘muddled’’, and ‘‘uncertain’’
assess cognitive rather than affective states.
After receiving institutional ethical approval, the
32-item measure was translated from English into
Hungarian by the second author. The resultant
measure was checked for accuracy and compre-
hensibility by three experts in Hungary and
translated into Italian using a similar procedure.
Mood data comprised responses from 204 Italian
athletes (mean age 20.0 years, s¼ 3.0) and
responses from 307 Hungarian athletes (mean
age 20.1 years, s¼ 3.0).
Confirmatory factor analysis results for mood
responses from Italian athletes [comparative fit
index (CFI)¼ 0.90, root mean square error of
approximation (RMSEA)¼ 0.07] and Hungarian
athletes (CFI¼ 0.90; RMSEA¼ 0.07) were on
the 0.90 criterion for acceptable fit initially
highlighted by Bentler (1990: Psychological
Bulletin, 107, 238 – 246). After selecting the top
three loading items on each factor, the data
were re-analysed. The results for Italian athletes
(CFI¼ 0.95, RMSEA¼ 0.08) and Hungarian
athletes (CFI¼ 0.95, RMSEA¼ 0.08) provided
support for both the 32-item and 21-item seven-
factor models.
In conclusion, the 21-item and 32-item BRUMS
represent a theoretically and empirically supported
approach to investigating mood for use with
British, Hungarian, and Italian athletes.
Relationship between emotional intelligence
and mental toughness
A. M. Lane1, R. Thelwell2, & G. Gill1
1University of Wolverhampton and 2University of
Portsmouth, UK
Mental toughness is arguably a key quality in successful
athletes (Jones et al., 2002: Journal of Applied Sport
Psychology, 14, 205 – 218). Jones et al. (2002) used
interviews with elite athletes to develop a definition of
and to operationalize mental toughness. They reported
12 general and specific dimensions, including self-
belief, desire/motivation, dealing with pressure and
anxiety, focus (performance-related), focus (lifestyle-
related), and pain/hardship factors. Recent research in a
plethora of psychological sub-disciplines has cham-
pioned the notion that emotional intelligence is linked
with successful performance. Emotional intelligence is
defined as ‘‘the ability to monitor one’s own and others’
feelings and emotion, to discriminate among them and
to use this information to guide one’s thinking and
actions’’ (Salovey & Mayer, 1990: Imagination, Cogni-
tion and Personality, 9, 185 – 211). Given the notion that
both mental toughness and emotional intelligence are
proposed to be associated with psychological control
and successful performance, they could be sharing the
same conceptual space. The aim of this study was to
assess the relationship between emotional intelligence
and mental toughness.
The absence of a commonly used measure of
mental toughness presents a difficulty. Available
measures do not necessarily capture the nature of
the concept as described by Jones et al. (2002). The
present study uses quotes proposed to illustrate
mental toughness to develop a mental toughness
scale. The result is a 27-item measure on which
items are rated on a 7-point scale anchored by ‘‘not
at all’’ (1) and ‘‘very much so’’ (7). Although work is
needed to develop factorial and construct validity, it
is argued that the Mental Toughness Scale (MTS)
represents a conceptually valid measure as it is based
on qualitative data from elite athletes.
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After receiving institutional ethical approval, the
75 participants (mean age 19.2 years, s¼ 3.2)
completed the MTS and a 33-item Emotional
Intelligence Scale (EIS; Schutte et al., 1998: Person-
ality and Individual Differences, 25, 167 – 177) where
items are rated on a 5-point Likert scale ranging from
1 (‘‘strongly agree’’) to 5 (‘‘strongly disagree’’). The
EIS assesses six factors of emotional intelligence:
appraisal of own emotions (7 items), appraisal of
others’ emotions (5 items), optimism (5 items),
regulation (4 items), social skills (7 items), and
utilization of emotions (6 items). Both measures
were completed online.
Mental toughness correlated significantly with
appraisal of own emotions (r¼ 0.65, P5 0.01);
appraisal of others’ emotions (r¼ 0.56, P5 0.001),
optimism (r¼ 0.70, P5 0.001), regulation (r¼ 0.62,
P5 0.001), social skills (r¼ 0.72, P5 0.001),
and utilization of emotions (r¼ 0.59, P5 0.001).
Forward multiple regression indicated that opti-
mism, social skills, and appraisal of own emotions
accounted for 60% of the variance in mental
toughness.
Collectively, it is argued that emotional intelli-
gence and mental toughness share similar aspects of
psychological control. Further research is needed to
explore the nature of emotional intelligence and
mental toughness to further examine the nature of
both constructs.
Confirmatory factor analysis of the Emotional
Intelligence Scale on an athletic sample
A. M. Lane1, R. Thelwell2, G. Gill1, & N. Weston2
1University of Wolverhampton and 2University of
Portsmouth, UK
Emotional intelligence has emerged as a key
concept in general psychology, with a growing
interest in sport psychology. Emotional intelligence
is defined as ‘‘the ability to monitor one’s own
and others’ feelings and emotion, to discriminate
among them and to use this information to guide
one’s thinking and actions’’ (Salovey & Mayer,
1990: Imagination, Cognition and Personality, 9,
185 – 211). The aims of this study were to assess the
nature of the Emotional Intelligence Scale (EIS;
Schutte et al., 1998: Personality and Individual
Differences, 25, 167 – 177) using factor analytical
techniques and to examine relationships between
emotional intelligence scores.
After receiving institutional ethical approval, 550
volunteer participant-athletes from UK Sport
Courses completed the 33-item EIS, with the items
being rated on a 5-point Likert scale ranging from
1 (‘‘strongly agree’’) to 5 (‘‘strongly disagree’’).
Research has typically summed EIS scores to pro-
duce a single score even though conceptually it is
proposed to comprise subcomponents. Two models
were tested. The first was a single-factor model in
which all items loaded on to the same scale. The
second model was a six-factor model. The EIS factors
included: (a) appraisal of own emotions (7 items);
(b) appraisal of others’ emotions (5 items), (c) optimism
(5 items); (d) regulation (4 items); (e) social
skills (7 items); and (f) utilization of emotions
(6 items).
Confirmatory factor analysis results indicated poor
fit for the single-item model [robust comparative fit
index (RCFI)¼ 0.76, root mean square error of
approximation (RMSEA)¼ 0.15] and marginal fit
results for the six-factor model (RCFI¼ 0.90;
RMSEA¼ 0.09). Alpha coefficients for the single-
factor model of the EIS (a¼ 0.83) and for all factors in
the six-factor model (all a40.70) were acceptable.
A repeated measures of factors in the six-factor
model demonstrated significant multivariate differ-
ences (F¼ 260.25, P5 0.001, partial Z2¼ 0.32)
with significant differences between all factors (see
Table I). Correlations between emotional intelli-
gence factors were all significant at the P5 0.05
level, but the more important information derives
from the strength of correlations. Correlations
among emotional intelligence factors were moder-
ate, suggesting that each factor is conceptually
related but also shows a degree of independence.
Future research should explore the antecedents and
consequences of each emotional intelligence factor
in sport.
Mood states changes and emotional intelligence
among Marathon of Britain runners
A. M. Lane1 & M. Wilson2
1University of Wolverhampton and 2Olympic Medical
Institute, Northwick Park Hospital, UK
The Marathon of Britain is a foot race covering a
route of approximately 175 miles (282 km) held in
Table I. Descriptive statistics and significant (P50.01) inter-
correlations among EIS scores.
Mean s 1 2 3 4 5
1. Appraisal of
others’ emotions
3.44 0.48 1.0
2. Appraisal of
own emotions
3.72 0.47 0.42 1.0
3. Optimism 3.88 0.50 0.23 0.35 1.0
4. Regulation 3.82 0.52 0.22 0.43 0.43 1.0
5. Social skills 3.20 0.43 0.40 0.42 0.38 0.40
6. Utilization of
emotions
3.63 0.45 0.36 0.40 0.43 0.51 0.57
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set stages over 6 days. The aim of this study was to
investigate relationships between emotional intelli-
gence and mood states changes over the course of the
6-day event.
After receiving institutional ethics approval, data
collection followed the model for assessing mood
state responses and developing appropriate interven-
tion techniques suggested previously (Lane et al.,
2004: Journal of Sports Sciences, 22, 886 – 897). Mood
was monitored daily using the 32-item Brunel Mood
Scale (BRUMS; Terry et al., 2003: Psychology of Sport
and Exercise, 4, 125 – 139). The mood states assessed
included anger, depression, fatigue, tension, and
vigour with calmness and happiness from the UWIST
(Matthews et al., 1999: British Journal of Psychology,
81, 17 – 42) also included. Emotional intelligence was
assessed to examine which aspects of emotional
processing warranted specific attention (Schutte
et al., 1998: Personality and Individual Differences, 25,
167 – 177). The Emotional Intelligence Scale (EIS)
assesses appraisal of own emotions, appraisal of
others’ emotions, optimism, regulation of emotions,
social skills, and utilization of emotions.
The participants were 32 runners (24 males, 8
females) aged 23 – 59 years of age. Runners varied in
the number of years they had been running, with 10
runners having less than 5 years’ experience and
some runners having over 20 years’ experience.
Runners trained for an average of 13 h per week.
Repeated-measures multivariate analysis of covar-
iance indicated significant changes in mood states
over time (Wilks’ l8,242¼ 0.42, P5 0.001, Z2¼ 0.14)
with significant effects for appraisal of others’
emotions (Wilks’ l8,194¼ 0.86, P5 0.001, Z2¼
0.14), appraisal of own emotions (Wilks’ l8,194¼
0.88, P¼ 0.002, Z2¼ 0.12), optimism (Wilks’
l8,194¼ 0.42, P5 0.001, Z2¼ 0.14), regulation
(Wilks’ l8,194¼ 0.86, P5 0.001, Z2¼ 0.14), and
social skills (Wilks’ l8,194¼ 0.80, P5 0.001,
Z2¼ 0.20). Appraisal of own emotions was asso-
ciated with calmness (F¼ 8.42, P¼ 0.004,
Z2¼ 0.04); optimism was associated with low
tension (F¼ 11.58, P¼ 0.001, Z2¼ 0.05); regula-
tion of emotions was associated with high
calmness (F¼ 19.92, P5 0.001, Z2¼ 0.09), happi-
ness (F¼ 7.79, P¼ 0.006, Z2¼ 0.04), and vigour
(F¼ 3.95, P¼ 0.048, Z2¼ 0.02), as well as low
confusion (F¼ 14.04, P5 0.001, Z2¼ 0.06),
fatigue (F¼ 7.89, P¼ 0.006, Z2¼ 0.04), and tension
(F¼ 14.69, P5 0.001, Z2¼ 0.07). Social skills
were associated with high happiness (F¼ 14.98,
P5 0.001, Z2¼ 0.07) and vigour (F¼ 20.58,
P5 0.001, Z2¼ 0.07). Utilization of emotions was
associated with high calmness (F¼ 22.69,
P5 0.01, Z2¼ 0.10), happiness (F¼ 36.40, P5
0.001, Z2¼ 0.15), and vigour (F¼ 10.22,
P¼ 0.002, Z2¼ 0.05).
Results indicate that mood states changes were
associated with emotional intelligence. It is suggested
that intervention work should focus on teaching
athletes to become aware of their emotions and
reflect on the impact of these emotions on perfor-
mance. This should be followed by teaching athletes
strategies to control and use emotions, which could
enhance both the quality of standard of performance
attained and the quality of the experience of
competing.
The effect of change in exercise behaviour
on cognitive functioning in older people
M. Lindwall1 & M. Rennemark1,2
1Halmstad University and 2Blekinge Institute for
Research and Development, Sweden
Meta-analyses demonstrate that fitness training has a
robust beneficial influence on cognitive functioning
for sedentary older adults. Moreover, these fitness-
related cognitive benefits appear to be more pro-
nounced for women than for men (Colcombe &
Kramer, 2003: Psychological Science, 14, 125 – 130).
The aims of the study were (1) to examine the effects
of self-reported change in exercise status on cogni-
tion for older adults, controlling for education, age,
depression, and co-morbidity, and (2) to examine
the moderating effect of gender in this relationship.
Participants were a subgroup of the complete
sample in the Swedish National Study on Aging and
Care (SNAC), a large national, longitudinal and
multi-disciplinary study. The present study included
545 women (mean age 76.4 years, s¼ 10.0) and 418
men (mean age 74.7 years, s¼ 9.9). Self-reported
exercise status change was based on two survey
questions relating to frequency of light exercise in the
last 12 months and previous to that, resulting in the
construction of four groups: continuously active,
continuously inactive, currently active but not pre-
viously so (positive change), and not currently active
but previously so (negative change). Cognitive
functioning was measured with the Mini Mental
State Examination (MMSE; Folstein et al., 1975:
Journal of Psychiatric Research, 12, 189 – 198) con-
sisting of 20 items, yielding scores of 0 – 30.
Informed consent was obtained from all participants
and ethical approval was granted by the university
ethics research committee.
A 462 (exercise status6gender) analysis of
covariance, controlling for education, age, depres-
sion, and co-morbidity, revealed a main effect for
exercise status change on cognitive functioning
(F3,963¼ 5.03, P¼ 0.002). Univariate analyses indi-
cated that the continuously active group and the
group reporting a positive change in terms of exercise
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behaviour had significantly (P¼ 0.001 and P¼ 0.05
respectively) higher MMSE scores than the group
reporting a negative change. The gender6exercise
status change interaction was significant (F3,963¼
2.45, P¼ 0.05). The differences in cognitive func-
tioning between the exercise groups were overall
larger for men than for women, in particular when
comparing the positive change and negative change
groups.
We conclude that although limited by the cross-
sectional design and retrospective self-report mea-
surement, our results suggest that change in exercise
behaviour is related to change in cognitive function-
ing for older people and that this trend is clearer for
men. Futures research should focus on gender
differences in the exercise – mental health relation-
ship for the elderly.
Motivation and disinhibition in elite
ice climbers
D. J. Llewellyn, G. Jones, & S. Cobley
Leeds Metropolitan University, UK
Despite obvious inherent risks, climbing is one of the
fastest growing sports in Britain. ‘‘High-risk’’ activ-
ities have attracted considerable attention. In parti-
cular, researchers have attempted to identify factors
that motivate people to participate and overcome
potentially inhibiting state anxiety (Slanger &
Rudestam, 1997: Journal of Research in Personality,
31, 355 – 374). In contrast to most previous
research, conducted within a quantitative hypothetico-
deductive framework, the present study incorporated
a qualitative methodology to identify sources of
motivation and disinhibition in elite ice climbers.
After receiving ethical approval, four elite male ice
climbers aged 42 – 49 years (mean age 45.0 years,
s¼ 3.6) volunteered to participate in a semi-
structured interview. Participants were selected for
their perceived theoretical significance, based upon
domain-specific indicators of ability and accomplish-
ment (e.g. number of difficult first ascents). Ques-
tions included ‘‘What motivates you to ascend
previously unclimbed routes?’’ and ‘‘Can you
describe the pressures involved in climbing difficult
routes?’’ Interviews were transcribed verbatim,
resulting in 67 pages of single-spaced data. Data
were analysed using inductive content analysis as
described by Gratton and Jones (2004: Research
methods for sports studies. London: Routledge). Two
participants were re-contacted by telephone to clarify
emergent points of ambiguity.
Results indicated that participants were motivated
by five interrelated factors: (1) the element of risk
inherent in bold ascents was perceived as a challenge
to be managed; (2) the need to experience thrills and
intense experiences; (3) overcoming physical chal-
lenges and achieving peak performances; (4) com-
peting with rival climbers to establish a reputation
for accomplishing the most difficult ascents; and
(5) pushing the boundaries of what is considered to
be possible by ascending new routes. Six disinhibit-
ing factors or coping strategies emerged as ways to
manage risk and state anxiety to acceptable levels:
(1) having previously accomplished difficult ascents;
(2) the perception of physical fitness; (3) climbing
with trusted and competent partners; (4) visualizing
positive outcomes; (5) perceiving a match between
the demands of the route and one’s own abilities; and
(6) hearing about difficult ascents accomplished by
others.
The ascent of difficult, new climbs emerged as the
most important motivating factor; all climbers
stressed the combination of challenge, excitement,
and prestige involved. Enactive mastery experiences
appeared to exert the most important disinhibiting
influence. Our findings give further insight into the
range of factors explaining the apparent motivational
paradox presented by high-risk sports.
An examination of the between-shot cognitive
and behavioural strategies used by Professional
Golf Association (PGA) tournament players
J. F. N. Lockrose, R. C. Thelwell, & N. J. V. Weston
University of Portsmouth, UK
Although much golf research has focused on the pre-
shot period in terms of identifying appropriate
cognitive and behavioural strategies for performance
(Taylor & Shaw, 2002: Journal of Sports Sciences, 20,
607 – 613), few studies have examined the cognitive
and behavioural strategies employed between shots.
This is surprising given that the between-shot period
represents more than 75% of a round (Murphy,
1994: Science and golf II. New York: Routledge), and
is often where performers can be exposed to a
number of distractions and stressors. The aims of the
present study were to examine the between-shot
cognitive and behavioural strategies employed by
PGA golfers, and the extent to which they were
perceived to affect performance.
Ten professional golfers (mean age 31.3 years,
s¼ 3.2), playing on various tours including the
European Tour, volunteered to participate in the
study. Semi-structured interviews were used to
explore the between-shot cognitions and behaviours,
and the extent to which they were perceived to be
either facilitative or debilitative to subsequent per-
formance. Interviews were transcribed verbatim and
checked for accuracy before inductive content
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analysis as recommended by Coˆte´ et al. (1993: The
Sport Psychologist, 7, 127 – 137).
The results suggested PGA golfers employ a number
of facilitative cognitive and behavioural strategies
between shots. The raw data themes were classified
into 14 cognitive strategies that were perceived to be
facilitative to subsequent performance. These included
the use of self-talk (e.g. positive and motivational),
visualization (e.g. recalling previous shots and rehear-
sing the upcoming shot), planning ahead (e.g. the
course and the next shot), realigning focus (e.g. to
switch off), and thought distraction/avoidance (e.g. fill
head with other things). The raw data themes also
revealed nine behavioural strategies that were perceived
to be facilitative. These included the use of conversation
(e.g. with caddy and with spectators), changing the pace
of play (e.g. increasing or decreasing pace), addressing
body language (e.g. walking upright and confident),
drinking regularly, and washing hands. When reflecting
on their use of between-shot cognitive and behavioural
strategies, participants also identified that some strate-
gies were, in fact, debilitative to performance. For
example, focusing on technical aspects of play, getting
ahead of self, and adopting negative visualization were
perceived to be debilitative cognitions, whereas pace of
play, inappropriate conversation, and trying too hard
were cited as debilitative behaviours.
The findings from the present study suggest that
PGA golfers employ a variety of facilitative cognitive
and behavioural strategies between shots. Practi-
tioners and researchers are encouraged to consider
the individual requirements relating to between-shot
strategies, the perceived benefit of the strategies on
subsequent performance, and the potential impact
that they may have on other psychological variables
throughout performance.
The circumplex model of affect:
A bi-cultural study
G. Loizou & C. I. Karageorghis
Brunel University, UK
The circumplex model of affect (Russell, 1980:
Journal of Personality and Social Psychology, 39,
1161 – 1178) forms the basis for the circumplex
theory of emotion. The model posits that most
emotions can be arranged in a circular fashion
around the perimeter of two independent bipolar
dimensions that intersect each other, namely
pleasant – unpleasant and arousing – sleepy. The
aim of the present study was to reconstruct the
circumplex model of affect in both the English and
Greek languages, examining similarities and differ-
ences between cultures as well as comparing the
original circumplex with the reconstructed models.
After receiving institutional ethical approval, 128
volunteers (60 English speakers, 31 males, 29
females: mean age 24.5 years, s¼ 5.0; 68 Greek
speakers, 45 males, 23 females: mean age 23.2 years,
s¼ 4.2) who were heterogeneous in terms of sports
participation and involvement completed three word
tasks. Task 1 was a category sort task of 28 stimulus
words describing emotional experiences and eight
categories representing the concepts of affect. Task 2
comprised a circular ordering task of the eight
concepts of affect and Task 3 was a similarity test
of the 28 stimulus words of Task 1. Back-translation
provided by bilingual speakers was used to translate
the 28 stimulus words and the eight concepts of
affect to the Greek language.
For the purposes of the present study, the Kyklos
software for circumplex analysis was developed using
the Matlab programming language. Four different
matrices were created and analysed which yielded the
English and Greek reconstructed models.
Pearson’s product – moment correlation revealed a
strong correlation between the two reconstructed
models (r¼ 0.96, P5 0.01) as well as between the
reconstructed models and the original model (Eng-
lish, r¼ 0.82, P5 0.01; Greek, r¼ 0.81, P5 0.01).
The main axes of the multivariate analysis of variance
revealed no significant differences between the
models (Task 1: F6,4¼ 0.52, P¼ 0.776, partial
Z2¼ 0.44; Task 2: F6,4¼ 0.77, P¼ 0.634, partial
Z2¼ 0.54).
Findings provide support for the circumplex
model and, more specifically, its arousal and
pleasantness dimensions. The use of the circumplex
model of affect would be a valuable evaluation tool
for sport researchers and practitioners in terms of
monitoring athletes’ affective states in response to
training and competition.
‘‘Green exercise’’: The role of exercise
environment in enhancing physical and
psychological well-being
A. J. Manley1, J. Pretty2, M. Griffin2,
J. L. Peacock2, & T. W. Cleary2
1University of Chichester and 2University of Essex, UK
Physical activity has been proposed to combat the
detrimental effects of stress by inducing improve-
ments in physical and psychological well-being
(Berger & Owen, 1988: Research Quarterly for Exercise
and Sport, 59, 148 – 159). Furthermore, reports
suggest that people generally prefer to exercise in
natural environments (Pretty et al., 2005: Interna-
tional Journal of Environmental Health Research, 15,
319 – 337). The experiment was designed to test
the notion that ‘‘green exercise’’ can enhance the
316 Abstracts
D
o
w
n
lo
ad
ed
 B
y:
 [
De
ak
in
 U
ni
ve
rs
it
y]
 A
t:
 0
0:
45
 3
 S
ep
te
mb
er
 2
00
9
physical and psychological benefits associated with
physical activity (e.g. Pretty et al., 2005).
After receiving institutional ethics approval, 30
students (16 males: mean age 23.8 years, s¼ 6.2; 14
females: mean age 24.8 years, s¼ 3.5) were recrui-
ted. Following initial measures of blood pressure,
and completion of the Profile of Mood States
(McNair et al., 1992: Revised manual for the Profile
of Mood States. San Diego, CA: Educational and
Industrial Testing Services) and the Rosenberg Self-
Esteem Scale (Rosenberg, 1965: Society and the
adolescent self-image. Princeton, NJ: Princeton Uni-
versity Press), the participants attempted a physical
task – threading needles – designed to have a
negative influence on mood and self-esteem. Mood,
self-esteem, and blood pressure were recorded
following completion of the task. Participants were
then randomly assigned to one of three experimental
conditions (rural pleasant, urban unpleasant, con-
trol) before completing 20 min of treadmill-based
exercise (60% maximum age-predicted heart rate).
During exercise, participants viewed a slideshow of
30 landscape photographs (determined by experi-
mental condition) presented at 15-s intervals. Mood,
self-esteem, and blood pressure were again recorded
after exercise.
A within-participants analysis of variance and post-
hoc t-tests (using the Bonferroni method) revealed a
significant post-exercise reduction in anger for rural
pleasant participants (t¼ 2.849, P5 0.01), while
urban unpleasant participants showed post-exercise
increases in fatigue (t¼72.653, P5 0.02), systolic
(t¼74.464, P5 0.01), diastolic (t¼73.155, P5
0.01), and mean arterial blood pressure (t¼75.325,
P5 0.001). Control participants showed improve-
ments after exercise in self-esteem (t¼73.146,
P5 0.01), anger (t¼ 2.799, P5 0.02), and tension
(t¼ 2.862, P5 0.01), but exhibited increased systo-
lic blood pressure post-exercise (t¼73.697,
P5 0.01).
The findings provide limited support for ‘‘green
exercise’’ in the prevention and treatment of physical
and mental illness. Issues regarding ecological
validity must be considered before strategies to
motivate individuals to engage in such activities can
be advocated.
Development of a short scale measuring
provocation in competitive athletes
J. P. Maxwell1 & E. Moores2
1Institute of Human Performance, University of Hong
Kong and 2Aston University, UK
Provocation has been identified as an important
antecedent of aggression in sport (Maxwell, 2004:
Psychology of Sport and Exercise, 5, 279 – 289).
However, current measures of sport aggression do
not assess provocation frequency. The propensity for
aggression is also likely to be affected by the intensity
of provoked anger. Therefore, a short scale measur-
ing provocation frequency and the resultant anger
intensity (PARSS) was developed.
Twelve statements representing incidences of
provocation (e.g. ‘‘Opponents use offensive ges-
tures’’ and ‘‘Officials unfairly accuse me of cheat-
ing’’) were generated by experienced sport scientists
and distributed to competitive, English-speaking,
Hong Kong Chinese athletes (n¼ 280). Two 5-point
response scales were used for each of the items:
frequency of occurrence in competition (1¼ ‘‘never’’
to 5¼ ‘‘almost always’’) and intensity of anger
generated by provocation (1¼ ‘‘not at all angry’’ to
5¼ ‘‘extremely angry’’). Participants also completed
the Competitive Anger and Aggressiveness Scale
(CAAS; Maxwell & Moores, in press: Psychology of
Sport and Exercise).
Principal component analyses conducted on pro-
vocation frequency scores revealed a single 6-item
factor accounting for 48.0% (Cronbach’s alpha¼
0.78) of total variance. The analysis was repeated
with the anger intensity scores for the six identi-
fied items and revealed another coherent factor
accounting for 53.1% (Cronbach’s alpha¼ 0.82) of
total variance, suggesting that the same items could
be used to measure both frequency and anger
intensity. All items loaded above 0.66 on their
respective scale.
A gender6type of sport (individual versus team)
multivariate analysis of variance, with CAAS and
PARSS subscale scores as the dependent variables,
demonstrated a significant effect of gender only
(Wilks’ l2,209¼ 0.88, P5 0.001, Z2¼ 0.12). Uni-
variate analyses revealed higher CAAS anger
(P¼ 0.03, Z2¼ 0.02), CAAS aggressiveness (P5
0.001, Z2¼ 0.11), and PARSS frequency (P¼ 0.02,
Z2¼ 0.03) scores for males. Correlations between the
four subscales are presented in Table I.
In conclusion, the PARSS may be a useful
measure of provocation in sport, but requires further
confirmatory analyses before its use can be recom-
mended without reservation.
Table I. Correlations between the CAAS and PARSS.
1 2 3 4
1. CAAS aggressiveness 0.66** 0.62** 0.14*
2. CAAS anger 0.50** 0.40**
3. PARSS frequency 0.21**
4. PARSS anger intensity
*P5 0.05, **P5 0.01.
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Cultural differences in judging Muay Thai
T. D. Myers
Newman College of Higher Education, UK
The decisions of sports officials can be considered to
be social judgements (Plessner, 2005: In The routines
of decision making, edited by T. Betsch &
S. Haberstroh. Hillsdale, NJ: Lawrence Erlbaum).
As such, cultural differences may play a role in
judging bias. Cultural differences have been identi-
fied in perception (Chua et al., 2005: Proceedings of
the National Academy of Sciences USA, 102, 12629 –
12633) and reasoning style (Nisbett et al., 2001:
Psychological Review, 108, 291 – 310), both of which
play a role in judgement decisions. The present study
used qualitative methods to investigate differences in
the interpretation of judgement criteria between Thai
judges, ‘‘Thai-trained’’ officials, and western stake-
holders when judging Muay Thai fights.
After receiving institutional ethical approval and
informed consent, four key ‘‘Thai’’ Muay Thai
officials participated in semi-structured interviews.
Examples of questions included ‘‘How do you
determine who wins a fight?’’ and ‘‘What are the
most important scoring techniques?’’ Interviews
were transcribed verbatim. The perspectives of
western stakeholders and ‘‘Thai-trained’’ officials
were obtained from the text of 26 discussion threads
on Muay Thai judging from a popular web-based
discussion board. The web board discussion con-
sisted of 178,715 words of debate between officials,
competitors, coaches, promoters, and spectators
from mostly western countries. Data were analysed
using interpretive phenomenological analysis (Smith,
1996: Psychology and Health, 11, 261 – 271). A non-
foundational approach to validity was used (Sparkes,
1998: The Sport Psychologist, 12, 363 – 386). This
approach involves developing or adopting tech-
niques that enhance trustworthiness. The techniques
selected were member checking and bracketing, for
both data collected and themes identified.
Results showed consistent differences in criteria
interpretation between Thai nationals, ‘‘Thai-
trained’’ officials and western stakeholders. Thai
nationals and ‘‘Thai-trained’’ officials viewed fights
as a whole; considered the later rounds to be more
important than earlier rounds; felt kicks and knee
strikes to the body were more important in scoring
than punches; and regarded physical and mental
composure to be important in determining the
outcome of a fight. In contrast, most western
stakeholders considered fights on a round by round
basis, viewed each round to be equal, judged
punches, kicks and knees to be of equal value in
scoring, and did not mention composure.
Findings highlight possible cultural differences
between Thai nationals, ‘‘Thai-trained’’ officials
and western stakeholders. These differences could
result in judges trained in one cultural setting
awarding different fight outcomes to those who
trained in another cultural setting. The findings
suggest further investigations are warranted on
cultural influence and their impact on judging bias
across a range of sports.
An examination of coping by team and
individual sport athletes
A. R. Nicholls, S. P. Cobley, & J. L. Sommers
Leeds Metropolitan University, UK
Sport psychology researchers have examined the
coping attempts among team sport athletes such as
soccer players (e.g. Holt & Dunn, 2004: Psychology of
Sport and Exercise, 5, 213 – 222) and individual sport
athletes such as golfers (e.g. Nicholls et al., 2005: The
Sport Psychologist, 19, 111 – 130). Park (2000: The
Sport Psychologist, 14, 63 – 80) found that team sport
athletes used coping strategies more frequently than
individual sport athletes. However, Park (2000)
failed to report which coping strategies were used
more frequently. The aim of this study was to
address this gap in the literature by examining
differences between team and individual athletes’
coping responses.
Eighty-three competitive athletes (42 males, 41
females) volunteered for this study. The sample
consisted of 42 team and 41 individual sport athletes
who competed in hockey, rugby union (classified as
team sports), tennis, badminton, swimming, squash,
and athletics (classified as individual sports). The
participants were aged 18 – 24 years (mean¼ 20.2
years, s¼ 1.3). The athletes participated at various
levels, including international (n¼ 2), national
(n¼ 12), regional (n¼ 31), club (n¼ 23), and uni-
versity (n¼ 15). Participants completed the MCOPE
(Crocker & Graham, 1995: The Sport Psychologist, 9,
325 – 338) in relation to a stressful sporting perfor-
mance that had occurred within 2 weeks of the
assessment.
The total mean (s) score for team sport athletes
was 138 (18.66) versus 130 (12.80) for individual
sport athletes. This represented a significant differ-
ence (P5 0.05). Team sport athletes also reported
using more active coping, social support for instru-
mental and emotional reasons, humour, and increas-
ing effort (P5 0.01). Individual athletes exhibited
more behavioural disengagement (P5 0.01) and
denial (P5 0.05) than team sport athletes.
Overall, team sport athletes reported more fre-
quent coping than individual sport athletes, in
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accordance with Park (2000). Team sport athletes
reported significantly more active coping, social
support for instrumental and emotional reasons,
humour, and increasing effort coping strategies than
individual athletes. It would appear that an impor-
tant coping mechanism among team sport athletes is
the reliance on team-mates and/or coaches for social
support. In contrast, individual athletes reported
significantly more avoidance coping strategies than
team sport athletes. These results suggest team and
individual sport athletes may develop different
coping strategies as a consequence of their sport.
Longitudinal analyses of stressors, coping,
and coping effectiveness among professional
rugby union players
A. R. Nicholls1, N. L. Holt2, R. Polman3, &
J. Bloomfield3
1Leeds Metropolitan University, UK, 2University of
Alberta, Canada and 3University of Hull, UK
Professional rugby league players have reported a
variety of stressors such as physical errors, opponents
cheating, and pain. These players coped by using
strategies such as avoidance, remaining on the task,
and behavioural coping strategies (Anshel, 2001:
Journal of Sport Behavior, 24, 223 – 246). The
purpose of this study was to examine stressors,
coping, and coping effectiveness among a sample of
professional rugby union players during a 28-day
diary study.
Participants played on the first team of a leading
professional rugby union club and were aged 21 – 28
years (mean¼ 24.6 years, s¼ 2.2). During the 28-day
competitive period, the participants had 11 team
training sessions and four matches (two Heineken
Cup and two Celtic league matches). Participants
completed a daily diary that was adapted from the
measure used by Nicholls et al. (2005: Journal of
Applied Sport Psychology, 17, 333 – 340), with a
5-point Likert scale added to measure coping
effectiveness. The diary consisted of three sections:
(1) stressor checklist and open-ended stressor boxes,
(2) open-ended coping responses section, and (3) a
perceived coping effectiveness Likert scale.
The players reported 24 different stressors, but the
three most reported were ‘‘injury’’ (cited 35 times),
‘‘mental error’’ (28), and ‘‘physical error’’ (22),
which accounted for 44% of all stressors. Problem-
focused coping strategies were used most frequently
(cited 176 times, representing 70% of all reported
coping strategies), emotion-focused coping stra-
tegies were used 35 times (14%), and avoidance
coping strategies were used 40 times (16%). The
coping strategies used most frequently across the
28-day period received relatively low evaluations.
‘‘Increased concentration on task’’ was cited 71
times, and received a mean effectiveness rating of
3.8 (out of 5). ‘‘Blocked’’ was cited 33 times, and
received a mean effectiveness rating of 3.4.
To cope with the stressors encountered, profes-
sional rugby players use more problem-focused
than either emotion-focused or avoidance coping
responses. The effectiveness of the coping strategies
deployed varied greatly, suggesting that the coping
effectiveness was not stable and that there were times
when the coping effectiveness of the players could be
improved.
Stress and coping among rugby union players
from the England under-18 team
A. R. Nicholls1 & R. C. J. Polman2
1Leeds Metropolitan University and 2University of
Hull, UK
International adolescent sport has the potential to be
an extremely stressful experience, with competitors
reporting a variety of stressors such as outcome,
performance, and selection stressors (Nicholls et al.,
2005a: The Sport Psychologist, 19, 111 – 130). To cope
with these stressors international adolescent athletes
use a range of coping strategies, such as blocking,
relaxation, and positive self-talk (Nicholls et al.,
2005b: Journal of Applied Sport Psychology, 17, 333 –
340). However, the majority of research among
adolescents has focused exclusively on individual
sport athletes. The purpose of this study was to
examine stressors, coping strategies, and coping
effectiveness among international adolescent rugby
union players.
The participants were 11 international rugby
union players (mean age 17.9 years, s¼ 0.3) who
played for the England under-18 team. Data were
collected between February 2005 and March 2005.
The participants played in three competitive matches
during this period and attended two training camps.
Participants completed a daily diary based on
Nicholls et al. (2005b), except that a 5-point Likert
scale measure of coping effectiveness was added. The
diary consisted of three sections: (1) stressor check-
list, (2) open-ended coping responses section, and
(3) perceived coping effectiveness Likert scale.
The five most reported stressors were ‘‘physical
error’’ (cited 92 times), ‘‘criticism from coach or
parent’’ (47), ‘‘mental error’’ (39), ‘‘sustaining an
injury’’ (32), and ‘‘observing an opponent perform
well’’ (31). The most reported first-order themes
were ‘‘blocking’’ (cited 63 times), ‘‘increased effort’’
(52), ‘‘increased concentration’’ (38), and ‘‘took
advice’’ (22). The most frequently cited coping
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strategies were not rated as being the most effective
responses. For example, for ‘‘to cope with making a
physical error’’, the most frequently reported coping
strategy was ‘‘blocking’’ (20), which was rated with a
mean perceived effectiveness of 3.8. However, the
most effective coping strategy for ‘‘managing a
physical error’’ was ‘‘going through a routine’’ (cited
4 times, mean perceived effectiveness¼ 4.8).
International adolescent rugby players experience
a vast number of stressors and deploy a range of
coping strategies. The results suggest that the coping
effectiveness of these players could be improved, as
there were instances when the players rated their
coping effectiveness as being very poor. Applied
practitioners should teach their clients a variety of
coping strategies to maximize coping effectiveness.
The effect of situationally emphasized
achievement goals and win/loss on
engagement in a cycle ergometer task
C.-L. Nien & J. L. Duda
University of Birmingham, UK
This study examined the effect of mastery,
performance-approach, and performance-avoidance
goals and objective outcome on the achievement-
related responses of young adults engaged in a
competitive physical task. Of particular interest was
the impact of repeated failure coupled with perfor-
mance-approach goal adoption.
One hundred and fifty university students (76
males, 74 females; mean age 21.5 years, s¼ 3.7)
participated in two consecutive 8-min races on a
cycle ergometer. They received pre-race instructions
regarding the achievement goal to emphasize and
post-race bogus performance feedback. Participants’
perceived competence (PC), reported exerted effort
(EE), task choice (TC), task interest (IN), and
somatic and cognitive anxiety (SA/CA) were assessed
before and after the two races. Race performance
(i.e. distance covered) was also measured. Data were
analysed via theory-based planned contrasts.
Results indicated that, among the participants in
the three achievement goal groups who experienced a
double defeat across the two races, those in the
performance-approach goal group (3.48, 3.81, 5.48,
and 3.16 for perceived competence, exerted effort,
task choice, and task interest, respectively) did
not differ significantly differ from those in the
performance-avoidance group (3.56, 3.88, 5.55,
and 3.24 for perceived competence, exerted effort,
task choice, and task interest, respectively). These
two groups were significantly different from the
mastery goal group (4.44, 4.33, 5.86, and 3.87 for
perceived competence, exerted effort, task choice,
and task interest, respectively), which exhibited more
positive responses (F2,72¼ 5.82 to 12.66, P5 0.01,
Z2¼ 0.14 to 0.26). Analyses revealed significant
differences in somatic anxiety between the mastery
(1.83) and the performance-avoidance goal condi-
tions (2.35), with the former group exhibiting lower
anxiety. Finally, the mastery group (5361 m) per-
formed superior cycling task performance than
participants instructed to emphasize performance-
approach (5125 m) and avoidance groups (5059 m)
(F2,72¼ 4.22, P5 0.05, Z2¼ 0.11).
The results provide only partial support for Elliot’s
propositions (Elliot, 1999: Journal of Educational
Psychology, 34, 169 – 189), and suggest that the
presumed positive achievement consequences of a
performance-approach goal may be compromised
when repeated failure is experienced. The constella-
tion of responses linked to performance-approach
goals resembled what was found for performance-
avoidance goals in such circumstances. In contrast,
the adoption of a mastery approach goal corre-
sponded to more adaptive achievement responses in
even difficult competitive conditions.
Goal-setting effects in elite and non-elite boxers
M. O’Brien1, S. Mellalieu2, & S. Hanton3
1Coleg Gorseinon, 2University of Wales Swansea
and 3University of Wales Institute Cardiff, UK
Despite the emergence of single-case designs as a
means to assess the efficacy of mental skill interven-
tions upon performance, few studies have compared
goal-setting effects utilizing such methods. Conse-
quently, a number of issues require further study,
including the comparison of elite and non-elite
participants’ psychological responses to goal-setting,
the assessment of the effects of an intervention after it
has been withdrawn (cf. Swain & Jones, 1995:
Research Quarterly for Exercise and Sport, 66, 51 –
63), and the examination of the process of goal-
setting via a contemporary goal-setting model
(Burton et al., 2001: In Handbook of research on sport
psychology, edited by Singer, Hausenblas, & Janelle.
New York: Wiley). Therefore, the main aim of this
study was to extend previous research by examining
the effects of a goal-setting intervention on sports
performance as a function of skill level.
A single-case, multiple-baseline, across-individuals
design was employed with three elite and three non-
elite male boxers aged 15 – 17 years (mean age 16
years, s¼ 1). Self-generated performance behaviours
(e.g. number of punches landed or avoided) were
assessed across a competitive season (12 fight
period), and then following withdrawal of the
treatment (2 fight period). The goal-setting
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intervention was based upon performance profiling
and goal attainment scaling procedures. Measures of
competition outcome (win/loss), competitive anxiety
intensity and direction (CSAI-2; Jones & Swain,
1992: Perceptual and Motor Skills, 74, 467 – 472), and
psychological skills usage (TOPS; Thomas et al.,
1999: Journal of Sports Sciences, 17, 697 – 711) were
also taken.
Manipulation checks (behavioural checklist) con-
firmed that the intervention had been applied
consistently and that the participants had adhered
strictly to the goal programme. Scientific (visual
inspection of data) and practical (evaluation of social
validity data) assessments indicated that all elite
participants displayed consistent improvements in
targeted behaviours during and after the pro-
gramme, whereas the non-elite boxers showed
more inconsistent patterns. No significant changes
were observed in non-targeted behaviours. Post-
intervention, five boxers showed an improvement in
the percentage of fights won, and goal-setting use
was higher for all participants. Anxiety direction and
self-confidence increased for the elite participants,
although smaller and less consistent effects were
observed for the non-elite performers.
The results highlight the diverse effects of goal-
setting for different populations. Future research
should employ a multi-method approach to detail the
mechanisms by which goals exert their influence
upon performance.
Quality of life changes in patients on a phase IV
cardiac rehabilitation programme
C. S. Owens & D. Crone
University of Gloucestershire, UK
A main goal of cardiac rehabilitation is to help the
patient achieve the best possible quality of life
through and beyond the research process
(Thompson et al., 1997: Cardiac rehabilitation:
Guidelines and audit standards. London: Royal
College of Physicians). However, less attention
appears to have been paid to the effect cardiac
rehabilitation programmes have on the quality of life
of patients in comparison to the focus on physiolo-
gical improvements (Lavorato et al., 2003: Canadian
Journal of Cardiovascular Nursing, 13, 13 – 19). The
aims of this study were to establish whether quality of
life measures improved from before to after a phase
IV cardiac rehabilitation programme and to deter-
mine whether this was influenced by attendance,
centre attended, age, and gender.
This research formed part of an audit of provision
with data routinely collected as part of the cardiac
rehabilitation service. As such, ethical approval was
not deemed necessary. A total of 48 participants (39
males: mean age 66.8 years, s¼ 8.7; 8 females: mean
age 66.1 years, s¼ 11.4) were randomly selected
from 173 patients with identified cardiac heart
disease from a phase IV cardiac rehabilitation
programme in Wales. All participants attended one
of five different centres. The MacNew heart disease
Health Related Quality of Life (HRQL) question-
naire (Valenti et al., 1996: Quality of Life Research, 5,
151 – 161) was used at baseline (week 1) and at the
end of assessment (week 36). The MacNew has a
global score and three individual domain scores
(emotional, physical, and social). Mean changes
were calculated as the mean of [score (after) – score
(before)], so that a negative change implied a
decrease in HRQL.
Following appropriate checks on underlying
assumptions, a series of four Wilcoxon signed
rank tests identified significant differences in
global (P¼ 0.001), emotional (P¼ 0.007), social
(P¼ 0.006), and physical domains (P¼ 0.010)
before and after the intervention. Meanwhile, as no
non-parametric test was available, a series of four
mixed between-/within-participants analyses of var-
iance, which is a reasonably ‘‘robust’’ parametric
technique as long as a large enough sample size is
being analysed (Pallant, 2001: SPSS survival manual.
Buckingham: Open University Press), found that
attendance rate was positively associated with the
global (effect size¼ 0.25, P¼ 0.010), emotional
(effect size¼ 0.21, P¼ 0.019), social (effect
size¼ 0.23, P¼ 0.012), and physical domains (effect
size¼ 0.16, P¼ 0.041). Age was positively associated
with the emotional domain (effect size¼ 0.27,
P¼ 0.023). Centre and age were positively associated
with the global (effect size¼ 0.49, P¼ 0.008), emo-
tional (effect size¼ 0.43, P¼ 0.024), social (effect
size¼ 0.45, P¼ 0.017), and physical domains (effect
size¼ 0.50, P¼ 0.007). Age and attendance were
positively associated with the emotional domain
(effect size¼ 0.30, P¼ 0.014). No significant differ-
ences were found for gender across all four domains
(P4 0.05). These results support the importance of
attendance in improving quality of life during a
cardiac rehabilitation programme (e.g. Izawa et al.,
2004: American Journal of Physical Medicine and
Rehabilitation, 83, 884 – 892).
The results suggest that attendance, centre at-
tended, and age are important determinants for
improvements in quality of life. Implications of these
findings reinforce the importance of supporting
cardiac patients to maintain attendance during phase
IV cardiac rehabilitation programmes. Furthermore,
consideration should be applied to the centre
attended and age groups of those attending cardiac
rehabilitation sessions and how these factors can
affect quality of life.
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Self-presentation and competitive state anxiety
S. Payne & I. Greenlees
University of Chichester, UK
To progress and be successful, athletes must make a
desirable impression on certain others who mediate
their sporting experience (James & Collins, 1995:
Journal of Sport and Exercise Psychology, 17, S12).
However, when an athlete is extremely motivated to
convey an optimal impression, but lacking con-
fidence in their ability to do so, the discrepancy
between their ideal and perceived-current image will
manifest itself as worry – the cognitive component of
competitive anxiety (Leary, 1995: Self-presentation.
Boulder, CO: Westview). This study sought to
extend previous research by determining how much
variance in state anxiety scores could be accounted
for by ‘‘self-presentation concerns’’. It was hypothe-
sized that self-presentation concerns would account
for more variance in the cognitive than somatic
component of state anxiety, and that cognitive
anxiety and self-confidence would provide compar-
able results, but in opposite directions (if self-
presentation concerns are more frequent, cognitive
anxiety is reported as more intense, and self-
confidence declines).
After receiving institutional ethics approval, 126
participants (99 males, 27 females; mean age 28.6
years, s¼ 9.3) from four sports completed the
Competitive State Anxiety Inventory-2 [Revised]
(Cox et al., 2003: Journal of Sport and Exercise
Psychology, 25, 519 – 533) and the Self-Presentation
in Sport Questionnaire (Wilson & Eklund, 1998:
Journal of Sport and Exercise Psychology, 20, 81 – 97),
within 45 min of the start of a competitive event.
Multiple regression analyses were run with self-
presentation concerns as predictor variables, and
each of the CSAI-2R subscales serving as the
criterion variable. All six analyses produced signifi-
cant results (P5 0.001). In support of the hypo-
theses, self-presentation concerns accounted for
34.2% and 33.3% of the intensity and directional
interpretation of cognitive anxiety respectively, com-
pared with 15.5% and 16.9% of somatic anxiety
scores. Self-presentation concerns accounted for
31.7% and 27.3% of the intensity and direction of
self-confidence, with negative correlations observed
between self-presentation concerns and self-
confidence. The findings suggest that relatively endu-
ring self-presentation concerns do impact upon the
athletes’ mental state immediately before competition.
Taken together, the results support Leary’s (1992:
Journal of Sport and Exercise Psychology, 14, 339 – 351)
advocacy of the self-presentation framework for
understanding sport competition anxiety. The
findings will be of significance to practitioners
working with athletes ‘‘suffering’’ from performance
anxiety, as they elucidate a possible source of worry.
Thus, if the client reveals a tendency to be ‘‘self-
presentationally concerned’’, intervention should be
aimed at heightening impression efficacy.
Mood profiles and mood regulation strategies
of female football players
R. Pickersgill & A. M. Lane
University of Wolverhampton, UK
The well-established link between mood and sport
performance highlights a need for athletes to develop
mood-regulation strategies. The main aim of this
study was to assess pre-competition mood profiles
associated with successful soccer performance. A
secondary aim was to assess the frequency and
effectiveness of mood self-regulating strategies used
by each player.
After receiving ethical approval, seven female
soccer players aged 16 – 18 years volunteered to
participate in the study. Participants completed the
32-item Brunel Mood Scale (BRUMS; Terry et al.,
2003: Psychology of Sport and Exercise, 4, 125 –
139), which assesses anger, confusion, depression,
fatigue, tension, and vigour. Happiness and calmness
were assessed to achieve a more balanced assessment
of the positive dimensions of mood and were taken
from the UWIST (Matthews et al., 1999: British
Journal of Psychology, 81, 17 – 42). Participants
completed the BRUMS retrospectively to assess
their pre-competition mood over a maximum of ten
football games. After receiving feedback on mood
data, participants were involved in a semi-structured
interview designed to identify and examine those
players with mood profiles/scores that differed from
the mood profile of the squad when seen collectively.
Participants were interviewed on two occasions.
Interviews were designed to assess participants’
preferred mood-regulation methods.
The results of multivariate analysis of variance
indicated a significant effect (Wilks’ l6,12¼ 0.00,
P5 0.005), with success being associated with high
vigour, calmness and happiness, together with low
tension, depression, fatigue, and confusion. These
results are consistent with previous research
indicating retrospective mood reports show a strong
relationship with performance (Devonport et al.,
2005: Journal of Sports Science and Medicine, 4, 382 –
394.
In terms of regulating mood states, the results
showed that ‘‘Call, talk to or be with someone’’ was
the most often reported strategy for regulating anger,
confusion, and depression. Exercise was associated
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with vigour; using humour was associated with
happiness and calmness. Listening to music was
reported to be an effective strategy for reducing
depression.
Future research should investigate the relationship
between mood profiles and the effectiveness of self-
regulation strategies leading to the implementation
of an educational programme where athletes could
be trained to appreciate a range of strategies. The
relationship between emotional intelligence and the
use and effectiveness of mood-regulation strategies
represents a worthwhile line of future research.
Delving deeper into the ‘‘yips’’ symptoms
M. Rotheram, I. Maynard, O. Thomas, M. Bawden,
& R. Scaife
Sheffield Hallam University, UK
Rotheram et al. (2005: Journal of Sports Sciences, 23,
1269 – 1270) reported that the predominant tasks
affected by the ‘‘yips’’ are the putting stroke in golf,
the darts throw, and the cricket bowling action.
Similarities emerged in the psychological symptoms
experienced, yet differences appeared in the physical
symptoms experienced during the ‘‘yips’’ across
sports. More individuals cited that they thought the
‘‘yips’’ was a psychological problem followed by a
physical disturbance. The main aim of this study was
to explain individuals’ perceptions of their symp-
toms. A further aim was to examine participants’ first
experience of the ‘‘yips’’.
After receiving institutional ethics approval, 215
participants (110 golfers: mean age 37.0 years, s¼
9.3; 63 darts players: mean age 43 years, s¼ 13.2;
42 cricketers: mean age 31.0 years, s¼ 10.8) took
part in an online survey. Open-ended responses
were analysed using hierarchical content analyses
(e.g. Gould et al., 1999: The Sport Psychologist, 13,
371 – 394) in NVIVO.
All participants experienced physical disturbances.
A consistent theme across sport type was tension of
the muscles involved in skill execution. Specific to
sport type were involuntary movements and freezing
for golf and darts. Darts players and cricket bowlers
experienced an inability to release the object (i.e. the
dart or cricket ball) towards the desired area (i.e. the
dart board and an area on the cricket pitch). These
findings are synonymous with previous investigations
into the ‘‘yips’’ and focal dystonia and may explain
the differences in physical symptoms experienced as
determined by sport type (Smith et al., 2003: Sports
Medicine, 33, 13 – 31). Consistent across sport type
was the feeling of being out of control and lacking
confidence when performing the skill. A small
percentage of participants (11%) across sports cited
significant events that occurred at the time their
‘‘yips’’ developed (e.g. death of parent, relationship
breakdown, life transition). Similarly, Schweinfurth
et al. (2002: The Laryngoscope, 112, 220 – 223)
indicated that 21% of individuals experienced a
major life stress before the onset of spasmodic
dysphonia, a disorder very similar to those experi-
enced in occupational tasks.
The ‘‘yips’’ across sports shares many similarities
with focal dystonia. The notion that a significant
event occurs before the ‘‘yips’’ needs to be clarified
in future research. This may have applied implica-
tions for sport psychologists dealing with potentially
clinical issues. Due to the limited amount of
qualitative data obtained, future qualitative studies
should confirm the relevance of these findings.
Understanding the ‘‘yips’’ in sport: A grounded
theory interview study
M. Rotheram, O. Thomas, M. Bawden, &
I. Maynard
Sheffield Hallam University, UK
Rotheram et al. (2006: Journal of Sports Sciences, 24,
000 – 000) suggest that the antecedents to the ‘‘yips’’
may be the same across sports, but that they may
manifest differently physically, specific to the skill
requirements of different contexts. This study aimed
to test this suggestion using a grounded theory
(Strauss & Corbin, 1990: Basics of qualitative research:
Grounded theory procedures. London: Sage) approach
to guide sampling, data collection, and analysis.
After receiving institutional ethics approval, six
participants (2 golfers: mean age 45.0 years, s¼ 7.0;
2 darts players: mean age 37.5 years, s¼ 2.0; 2
cricketers: mean age 28.5 years, s¼ 4.0) affected by
the ‘‘yips’’ took part in the study. Data analysis was
iterative and used NVIVO to facilitate the process.
The interview guide for stage 1 involved broad open-
ended questions of their experiences before, during,
and after the ‘‘yips’’. Emergent themes were then
explored in stage 2 to add clarity and meaning to
stage 1. At each stage, the research team met to
discuss the findings and validate the themes.
Themes consistent across sport type were: physical
disturbances in skill execution (24), personality
characteristics (70), and significant experience before
the ‘‘yips’’ (97). Physical disturbances occurred at
the moment of skill execution for golf putting (e.g.
twitch, tremor), the darts throw (e.g. biceps lock,
electric shock of the forearm), and cricket bowling
(e.g. stutter in the run up, jerky hesitant feeling in
hand). The impact of these physical sensations
would appear to impact directly on the performance
of the skill. The participants displayed similar
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personality characteristics (i.e. obsessional, self-
conscious, perfectionist). All participants experi-
enced something emotionally significant at or around
the time their ‘‘yips’’ developed (golf: humiliated at
golf meeting, moved home; darts: relationship break-
down; cricket: dropped from academy, timing of a
disastrous performance). Schmidt et al. (1994:
Psychotherapy, Psychosomatic Medicine and Psychology,
44, 247 – 250) indicated the presence of profound
emotional events before the onset of focal dystonia in
two women. These findings fit closely with focal
dystonia research and may suggest the ‘‘yips’’ are a
focal dystonia.
Future research should examine the relationship
between personality characteristics, the significant
experience, and the first ‘‘yips’’ experience. It is
possible that some individuals are more prone to
developing the ‘‘yips’’, and therefore preventive
measures could be implemented to combat indivi-
duals developing the problem.
The motivational priorities of participation
in athletics of Kurdistan University
S. B. Saeed1 & Y. Bahram2
1University of Kurdistan and 2Razi University, Iran
Motivation for behaviour is a reason for a person to
initiate, continue, and sustain, or a reason to
discontinue and withdraw from, activities. The
purpose of this research was to investigate the
motivational priorities of participation in Kurdistan
University athletes. This aim was addressed through
classification of motivational factors [development
and improvement of skills, being with friends, to be
successful and to win, situational factors (parents,
close friends, coaches, equipment, and facilities),
expend energy, team spirit, to gain physical fitness,
having a hobby/recreation] with due attention to
individuals characteristics of samples (age class,
career/educational condition, record of participation
in competitions, record of participation in sport,
injury rate).
Athletes from a Kurdistan Universities (n¼ 362)
were recruited based on random sampling. The
research method was based on a descriptive study.
Data analysis included descriptive statistics and
analysis of variance.
The results of the descriptive study showed that all
participants (1) rated the motivational factor of being
successful and winning as the main reason for
participating in sport, and (2) rated team spirit and
having a hobby/recreation as the least significant
factors. In the hypothesis test, significant differences
among participants were observed for development
and improvement of skills with due attention to
career/educational condition (P5 0.01), situational
factors with attention to record of participation in
sport (P5 0.05), having team spirit with attention to
injury rate (P5 0.03), and record of participation in
sport and having a hobby (P5 0.05) and recreation
with attention to age class (P5 0.05) and injury rate
(P5 0.03).
Results suggest that being successful and winning
at the highest level is the strongest motivation to
participate in sport and that there is a weak
correlation between having a hobby and participating
in sport.
Imagery type and collective efficacy
perceptions as a function of skill level
D. A. Shearer1, R. Thomson2, & S. Mellalieu3
1University of Glamorgan, 2University of East London
and 3University of Wales Swansea, UK
Collective efficacy has frequently been identified as a
group construct that influences the performance of
sports teams (e.g. Myers et al., 2004: Group
Dynamics: Theory, Research, and Practice, 8, 182 –
195). However, little research has examined inter-
ventions that may increase collective efficacy within
teams. Although Munroe-Chandler and Hall (2004:
Imagination, Cognition and Personality, 24, 51 – 67)
demonstrated that motivational imagery can increase
collective efficacy beliefs, it is still not clear which
types of imagery are best suited to building collective
efficacy in sports teams. Consequently, the aim of
this study was to examine which types of imagery
would predict collective efficacy in elite and non-elite
athletes.
Participants (n¼ 133) were sampled from three
interactive team sports (football, rugby union, and
wheelchair basketball) and consisted of male athletes
aged 18 – 55 years (mean age 24.4 years, s¼ 5.8).
Elite performers (n¼ 62) were of a professional or
international standard. Non-elite performers
(n¼ 71) were of a recreational, amateur or university
standard. After receiving ethical approval, partici-
pants completed both the Collective Efficacy
Inventory (CEI: Callow et al., 2003: Journal of Sports
Sciences, 22, 301 – 302) and the Sports Imagery
Questionnaire (SIQ: Hall et al., 1998: International
Journal of Sport Psychology, 29, 73 – 89) before a mid-
week training session.
Cronbach’s alpha coefficients indicated that the
motivational general-arousal sub-scale from the SIQ
fell below acceptable limits (a¼ 0.48) and was
subsequently excluded from further analysis. A
hierarchical multiple regression was then used to
examine which of the four remaining sub-scales were
predictive of collective efficacy in both the elite and
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non-elite groups. Results for the elite sample
suggested that only motivational general-mastery
imagery explained a significant proportion of the
variance in collective efficacy scores (R2¼ 0.172,
F1,68¼ 14.08, P5 0.01). In contrast, results for the
non-elite sample indicated that none of the four SIQ
variables significantly predicted collective efficacy
(R2¼ 0.067, F2,66¼ 0.191, P4 0.05).
Our findings tentatively suggest that elite athletes
who use more motivational general-mastery imagery
also have higher collective efficacy perceptions.
Consequently, motivational general-mastery imagery
may be the most appropriate type of imagery to
increase collective efficacy in elite performers. How-
ever, as imagery can be influenced by context and
intended purpose, future research should examine
the influence of imagery type upon collective efficacy
perceptions using longitudinal ideographic designs.
Goal striving, goal progress, and well-being:
The Self-Concordance Model in sport
A. L. Smith & N. Ntoumanis
University of Birmingham, UK
The present study aimed to draw upon research in
social psychology to investigate sport-related goal
processes from a motivational perspective. Specifi-
cally, the influence of goal content and motives
underlying goal striving were investigated using the
Self-Concordance Model (Sheldon & Elliot, 1999:
Journal of Personality and Social Psychology, 76, 482 –
497). Using this framework, it was predicted that
self-concordant goals, which are pursued for auton-
omous (vs. controlled) motives, would receive
greater effort and thus be more likely to be achieved
and result in increased subjective well-being. It was
also predicted that goals representing a high
intrinsic (vs. extrinsic) content would follow a
similar pattern of influence upon effort, progress,
and well-being.
After receiving institutional ethical approval, a
self-report measure of goal content, motives,
effort, and progress based on items used by Sheldon
and colleagues (e.g. Sheldon & Elliot, 1999) was
administered to 181 sports participants (mean age
20.7 years, s¼ 2.6) in regular training, together with
measures of positive and negative affect (Watson
et al., 1988: Journal of Personality and Social
Psychology, 54, 1063 – 1070), life satisfaction (Diener
et al., 1985: Journal of Personality Assessment, 49, 71 –
75), and burnout (Raedeke & Smith, 2001: Journal of
Sport and Exercise Psychology, 24, 281 – 306). Mean
variables were created for goal content, motives,
effort, and progress based on responses to up to four
current goals. Also, negative well-being items were
subtracted from positive well-being items to give an
aggregate well-being score for each participant.
Simultaneous multiple regression analyses demon-
strated significant independent positive contribu-
tions of goal content (both intrinsic and extrinsic)
and autonomous goal motives to goal progress.
Mediation tests conducted using Baron and Kenny’s
(1986; Journal of Personality and Social Psychology, 51,
1173 – 1182) methodology supported effort as a
mediator of the inception to progress stage of the
Self-Concordance Model. Further regression ana-
lyses showed that well-being was predicted positively
by autonomous motives and negatively by controlled
motives, but was not predicted by goal content.
Interaction effects between goal progress and goal
content or motives in predicting well-being were not
significant.
The findings of this study lend support to the
proposed influences of goal content and goal motives
upon effort towards achieving goals, goal progress,
and subsequent increases in subjective well-being.
Longitudinal investigation of these findings, along
with examination of the influence of additional
variables such as coach autonomy support, is
warranted.
Relationships between emotional intelligence
and the use of exercise to regulate mood states
D. Solanki & A. M. Lane
University of Wolverhampton, UK
Recent research has found that individuals who use
exercise as a strategy to regulate mood reported more
positive mood states following exercise (Lane et al.,
2005: Journal of Sports Science and Medicine, 4, 195 –
200). One variable that should be associated with
behaviours associated with positive mood states is
emotional intelligence (Matthews et al., 2004: Emo-
tional intelligence: Science and myth.Cambridge, MA:
MIT Press). The aim of this study was to investigate
the relationship between emotional intelligence and
mood states within exercise.
Volunteer participants (160 males, 155 females;
mean age 26.8 years, s¼ 5.5) from health and fitness
clubs in the Birmingham area completed a 33-item
measure of emotional intelligence (Schutte et al.,
1998: Personality and Individual Differences, 25, 167 –
177). Items are rated on a 5-point Likert scale
ranging from 1 (‘‘strongly agree’’) to 5 (‘‘strongly
disagree’’). To assess mood-regulation, participants
completed a 28-item scale. Items to assess anger,
depression, fatigue, tension, and vigour were drawn
from the Brunel Mood Scale (Terry et al., 2003:
Psychology of Sport and Exercise, 4, 125 – 139) and
items to assess calmness and happiness from the
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UWIST (Matthews et al., 1999: British Journal of
Psychology, 81, 17 – 42). Confusion was discarded
from the BRUMS as it is proposed to be more of a
cognitive than an affective state. Items are rated on a
5-point Likert scale ranging from 0 (‘‘not at all’’) to 4
(‘‘extremely’’).
Data were analysed by classifying emotional
intelligence into high and low groups based on a
median split and investigated differences in mood-
regulation scores. The results of multivariate analysis
of variance indicated a significant effect for differ-
ences in mood-regulation scores by emotional
intelligence (Wilks’ l7,295¼ 0.84, P5 0.001, Z2¼
0.16). Univariate differences indicated that high
emotional intelligence was significantly associated
with the ability to use exercise as a strategy to reduce
anger (F1,301¼ 8.00, P¼ 0.005, Z2¼ 0.03), depres-
sion (F1,301¼ 22.11, P5 0.001, Z2¼ 0.07), fatigue
(F1,301¼ 33.93, P5 0.001, Z2¼ 0.10) and tension
(F1,301¼ 20.16, P5 0.001, Z2¼ 0.06), and increase
calmness (F1,301¼ 36.40, P5 0.001, Z2¼ 0.11) and
happiness (F1,301¼ 4.11, P¼ 0.04, Z2¼ 0.01).
Results suggest that emotional intelligence is
associated with using exercise to enhance mood
states. Future research should explore the effective-
ness of strategies designed to enhance emotional
intelligence and the attendant impact on using
exercise to regulate mood.
Evaluation of the London Borough of Camden
Exercise Referral Scheme
A. Stathi, K. Milton, & C. Riddoch
Middlesex University, UK
The increasing importance of evidence-based prac-
tice and clinical effectiveness, and the rapid expan-
sion of the use of exercise referral schemes, stress
the need for careful evaluation of such schemes
(Dugdill et al., 2005: Ergonomics, 48, 1390 – 1410).
Multi-method designs are acknowledged as appro-
priate approaches to the evaluation of complex,
community-based interventions (Tones, 1997:
Health Education Research, 12, i – iv). This study used
a multi-method approach to evaluate the impact of
a primary care exercise referral schemes on partici-
pants’ physical and mental health and to explore the
experiences of health professionals, referred patients,
and exercise leaders involved in the scheme. Ethical
approval was granted from the North Central
London Research Consortium.
Eight hundred and sixty-eight people were referred
to the scheme. At the time of analysis, 45% of
patients who had started the scheme attended at least
six sessions during the 8 weeks of the scheme (110
males, 175 females: mean age 61.5 years, s¼ 17.1).
Physical and mental health were evaluated using
the Short Form-12 (SF-12; Ware et al., 1996:
Medical Care, 34, 220 – 233). People with low base-
line mental health scores were the least likely to
participate in the scheme. Results indicated no
significant changes in physical health over time (t66¼
70.51, P¼ 0.61). However, significant changes
were observed for mental health (t66¼ 2.64,
P¼ 0.01).
Exercise referral schemes can offer significant
benefits to referred patients. Provision of extra
support, to encourage initial attendance and to
increase adherence to the programme, should be
provided to people with low mental health ratings.
Health professionals should receive more informa-
tion relating to the activities offered by the scheme,
to enable more informed decisions regarding referral
for patient and referrer. The development of
standardized ‘‘exit routes’’ in which referred patients
could be fed into physical activity opportunities
within local community programmes is required.
Student perceptions of teacher motivational
strategies and student motivation
in physical education
I. M. Taylor & N. Ntoumanis
University of Birmingham, UK
Self-determination theory (SDT; Deci & Ryan,
2000: Psychological Inquiry, 11, 227 – 268) posits that
different types of motivation exist depending on the
level of satisfaction of three basic psychological
needs: autonomy, competence, and relatedness.
The more these needs are fulfilled, the more self-
determined one’s motivation. Within physical edu-
cation (PE), an important influence on students’
need satisfaction is the teacher and his or her
teaching style. The aim of the study was to examine
PE students’ perceptions of the teaching strategies of
autonomy support, structure, and involvement and
their relationships to the three needs and the
motivational regulations.
After receiving ethical approval from a British
university, 792 students aged 11 – 16 years responded
to questionnaires concerning their perceptions of
autonomy support (e.g. freedom given to students to
initiate their own behaviour), provision of structure (e.g.
information given regarding how to achieve desired
outcomes), and involvement strategies (e.g. emotional
support) used by one of their PE teachers (Belmont
et al., 1988: Technical Report #102, University of
Rochester, Rochester, NY). Questionnaires were also
completed concerning the students’ satisfaction of the
three psychological needs (Standage et al., 2005: British
Journal of Educational Psychology, 75, 411 – 433), and
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their motivation in classes taught by the samePEteacher
(Goudas et al., 1994: British Journal of Educational
Psychology, 64, 453 – 463).
Enter multiple regression analyses indicated that
perceptions of involvement predicted all forms of
motivational regulation (intrinsic, identified, and
introjected positively, external and amotivation
negatively). Furthermore, the relationship between
involvement and self-determined motivation (i.e.
intrinsic and identified regulation) was mediated by
relatedness. Structure positively predicted self-
determined forms of motivation and negatively
predicted amotivation. Autonomy support negatively
predicted low self-determined forms of extrinsic
motivation (i.e. introjected, P¼ 0.041, and external
regulation) and amotivation. Involvement also posi-
tively predicted all three psychological needs,
whereas autonomy support positively predicted the
need for autonomy and relatedness, and structure
positively predicted the needs for competence
(P¼ 0.006) and relatedness. All relationships were
significant at P 0.001 unless stated otherwise.
Students are more likely to be self-determined if they
perceive a well-structured class and a teacher who shows
personal interest in them. Additionally, supporting
students’ autonomy by giving students choice and a
rationale for activities (in combination with the use of
involvement strategies) is of equal importance for
avoiding non-self-determined forms of motivation.
Future research is required to compare teacher and
students’ discrepancies in perceptions of the three
strategies in physical education.
Relationships between emotional intelligence
and coaching efficacy
R. C. Thelwell1, N. J. V. Weston1, I. A. Greenlees2,
& A. M. Lane3
1University of Portsmouth, 2University of Chichester
and 3University of Wolverhampton, UK
Coaches who perceive themselves to be capable of
affecting the learning and performance of their
athletes are said to have high coaching efficacy (Feltz
et al., 1999: Journal of Educational Psychology, 91,
765 – 776). It is proposed that coaching efficacy can
be demonstrated in four ways: game strategy, moti-
vation efficacy, technique efficacy, and character-
building efficacy. Given that coaching efficacy
centres on the coach’s ability to affect others’
development, it could be argued that the antecedents
of coaching efficacy may include the coach’s level of
emotional intelligence. Defined as the ability to
monitor one’s own and others’ feelings and emo-
tions, to discriminate among them, and to use this
information to guide one’s thinking and actions
(Salovey & Mayer, 1990: Imagination, Cognition and
Personality, 9, 185 – 211), it could be argued that
emotional intelligence relates to the level of coaching
efficacy held by a coach. It was therefore hypothe-
sized that emotional intelligence would be associated
with greater overall coaching efficacy – in particular
greater motivation – and character-building efficacy.
Fifty-eight volunteer coaches (mean age 28.3
years, s¼ 10.4; mean experience 8.7 years, s¼ 6.4)
completed the 33-item Emotional Intelligence Scale
(EIS; Schutte et al., 1998: Personality and Individual
Differences, 25, 167 – 177) where items are rated on a
5-point Likert scale ranging from 1 (‘‘strongly
agree’’) to 5 (‘‘strongly disagree’’). The internal
consistency for the scale in the present study was
0.78. Coaching efficacy was assessed using the 24-
item Coaching Efficacy Scale (CES; Feltz et al.,
1999). The CES was designed to assess the four
subscales of coaching efficacy plus total coaching
efficacy with items being rated on a 10-point Likert
scale ranging from 0 (‘‘not at all confident’’) to 9
(‘‘extremely confident’’). The internal consistency
for the scale in the present study was 0.94.
Correlation analysis showed the relationships to be
in the predicted direction, and indicated the emo-
tional intelligence scores to be significantly related to
overall coaching efficacy (r¼ 0.39, P5 0.01), moti-
vation (r¼ 0.34, P5 0.01), character-building (r¼
0.41, P5 0.01), and technique-oriented efficacy
(r¼ 0.43, P5 0.01).
While the hypothesized relationships were reported
between emotional intelligence and overall coaching
efficacy, motivation, and character-building efficacy, a
significant relationship was also reported with techni-
que-oriented efficacy. This not only reinforces the role
that emotional intelligence may have in enhancing
coach efficacy to affect the psychological moodand skills
(motivation) of athletes, as well as influence their
personal development and attitude (character-
building), but it may also contribute to the efficacy
coaches have to alter the technical aspects of their
athletes’ performance. Although these findings require
further investigation, they provide some interesting
possibilities for practitioners working with coaches
regarding the development of emotional intelligence
and associated outcomes.
Professional development in student sport
psychologists
D. Tod1, D. B. Marchant2, & M. B. Andersen2
1University of Wales Aberystwyth, UK and 2Victoria
University, Australia
Sport psychologist development has received limited
attention in the literature. Researchers have not, for
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example, followed practitioners longitudinally and
examined the ways that consultants have deve-
loped professionally. The purpose of this study was
to interview student sport psychologists about their
professional development during the first 2 years of
their postgraduate studies. The study was guided by
counsellor development theory (Rønnestad &
Skovholt, 2003: Journal of Career Development, 30,
5 – 44).
After receiving ethical approval, six female and
three male student practitioners, enrolled in an
Australian Master of Applied Psychology (Sport
and Exercise) programme, were interviewed three
times across a 2-year period. The semi-structured
interviews followed a question guide, lasted 60 –
90 min, and were audio-taped. The recorded inter-
views were transcribed verbatim and the data were
thematically content analysed (Patton, 2002: Quali-
tative methods and evaluation methods. California:
Sage). Member checking, peer debriefing, and
theoretical triangulation procedures were undertaken
to increase the depth of understanding.
Results provided evidence that a desire to work
with elite athletes and address past sporting failures
were common motives for becoming sport psychol-
ogists. Across the 2 years, as participants became
aware of the limited career opportunities in sport
psychology, they became interested in working in
other fields of psychology. The central tasks for most
participants included addressing self-doubts about
their professional competence and managing service
delivery-related anxieties. When first interacting
with clients, participants adopted rigid ‘‘expert
problem-solver’’ approaches to service delivery.
With practical experience, some participants deve-
loped collaborative relationships with clients and
adapted interventions to suit individuals’ needs.
Over the 2 years, participants drew on cognitive-
behavioural and psychodynamic models of service
delivery to guide their client interactions. Common
sources influencing professional development in-
cluded clients, professional elders, peers, specialist
literature, and specific events outside of training
(e.g. interactions with family and friends). With
increasing practical experience, participants moved
from focusing on developing their service delivery
skills to reflecting on ways they influenced client
interactions.
The findings parallel results from counsellor
development research (Rønnestad & Skovholt,
2003). Counsellor development literature may help
guide additional studies on sport psychologist
maturation. The current findings provide student
practitioners, supervisors, and educators with infor-
mation to assist their self-reflections. Such self-
reflection could improve practice, teaching, and
supervision in sport psychology.
Perceptions of well-being in English soccer
academies
V. Tomlinson, D. Gilbourne, D. Richardson, &
M. Eubank
Liverpool John Moores University, UK
Well-being is defined as an individual’s ‘‘physical
and mental soundness’’ and is influenced by their
unique expectations, values, and previous experi-
ences (Diener et al., 1999: Psychological Bulletin, 125,
276 – 302). Within the broader theme of well-being,
Diener (1996: Journal of Research in Personality, 30,
389 – 399) also identified the notion of ‘‘subjective’’
well-being, defined as a person’s cognitive and
emotional experience of life.
Diener et al. (1999: Psychological Bulletin, 125,
276 – 302) reported that features of the environment,
behaviour, and personality mutually influence each
other and so mediate experiences of subjective well-
being. In soccer academies, such experiences occur
frequently as academy players face many challenges
while trying to progress within the profession. In this
context, Richardson et al. (2004: European Sport
Management Quarterly, 4, 195 – 214) commented that
support mechanisms in soccer academies could help
to provide an appropriate environment for player
progression. Subjective well-being could be
enhanced as a function of such support.
To explore these issues, formal interviews were
carried out individually with seven academy practi-
tioners from three soccer clubs. The interview
protocol investigated how practitioners engage in
culturally specific practice within the academy.
Analysis procedures included transcription, repeated
readings of new data, and the development of
deductively oriented themes. The data analysis was
deductive (concept-oriented) and inductive (cultural
and situational) in nature. Content analysis was used
to present the data thematically. For example, first-
order themes such as role perceptions, support
structures, perceived pressures, expectations, inten-
tions of practice, coach – player relationship, per-
ceived progression, and aspects of development
emerged from this process.
The results show that in English soccer academies
there are culturally specific issues that relate deduc-
tively to subjective well-being in a conceptual and
practice-based way. However, differences in percep-
tions and the relative importance of well-being were
found across academies. This analysis allowed two
core conclusions to be drawn: first, practitioners
acknowledged that (in their experiences) players can
experience fluctuations in subjective well-being;
second, that academy practices are likely to impact
on player perceptions of subjective well-being due to
the nature of intense competitive soccer.
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PRIME theory applied to physical activity
behaviour
M. Ussher1 & R. West2
1St. George’s, University of London and 2University
College London, UK
A recent theory of addiction describes the motiva-
tional system as consisting of Plans (mental repre-
sentation of actions and commitment to these),
Responses (starting, stopping or modifying actions),
Impulses/inhibitory forces (impetus or resistance
towards action), Motives (feelings of desire or
‘‘want’’), and Evaluations (beliefs about what is
good or bad, right or wrong) (PRIME; West, 2006:
Theory of addiction. Oxford: Blackwell). According to
PRIME, impulses generate responses, motives influ-
ence responses via impulses and inhibitory forces,
and evaluations influence responses through motives
and then impulses. Plans can only influence
responses through motives and evaluations generated
at the time.
PRIME has the potential to explain the moment-
to-moment control of physical activity behaviour.
According to PRIME, physical activity evaluations
and plans will have no influence unless they create a
desire to be active, when the opportunity arises,
which outweighs the desire not to (or to do something
else), which will have no influence unless it generates
an impulse to act that is stronger than inertia or
impulses to engage in other activities. Self-control
involves motives towards physical activity stemming
from identity (e.g. as an ‘‘exerciser’’) overriding
motives and impulses or inhibitions coming from
other sources (e.g. inertia). Identity is the primary
source of desires that are powerful enough to sustain
increases in physical activity. PRIME provides a
framework for assessing motivation (Table I).
PRIME leads to testable predictions, including: (i)
desire towards physical activity and identity will
predict exercise adherence more strongly than plans
or evaluations; (ii) desire to be active will be strongly
associated with identity towards physical activity; (iii)
increases in physical activity initiated spontaneously
in response to environmental triggers will lead to
greater success at maintaining activity than will
planned attempts at increasing activity.
Physical activity and psychological well-being
in adolescents
M. Ussher, P. Whincup, D. Cook, & C. Owen
St. George’s, University of London, UK
Previous cross-sectional studies have examined the
relationship between broad-based measures of psy-
chological well-being and physical activity among ado-
lescents (Henning Brodersen et al., 2005: Annals of
Behavioral Medicine, 29, 2 – 11; Kirkcaldy et al., 2002:
Social Psychiatry and Psychiatric Epidemiology, 37,
544 – 550; Laukkanen et al., 2002: Health Promotion
International, 17, 139 – 146; Norris et al., 1992: Journal
of Psychosomatic Research, 36, 55 – 65; Steptoe &
Butler, 1996: Lancet, 34, 1789 – 1792). However,
these studies have their limitations, including not
controlling for potential confounding variables and
using adult-oriented measures of mental health.
The present study sought to remedy the limita-
tions of previous studies by using a cross-sectional
design to examine the relationship between adoles-
cents’ (n¼ 2623; mean age 14.8 years, s¼ 0.65,
range 13 – 16 years) reports of the frequency of
physical activity and sedentary activity (TV/compu-
ter/video usage) and their reports of psychological
well-being when controlling for a broad range of
potential confounders.
The survey was conduced in schools in 10 British
towns. Psychological well-being was assessed by
deriving the total difficulties score (TDS) from the
child-specific Strengths and Difficulties Question-
naire (Goodman, 2001: Journal of the American
Academy of Child and Adolescent Psychiatry, 40,
1337 – 1345). The relationship between reports of
physical/sedentary activity and TDS scores was
Table I. Framework for assessing motivation towards physical activity.
General dispositions
Examples
Environmental pressures
Examples
Physical activity-related
dispositions Examples
Impulses/inhibitory
forces
Level of general inertia Triggers, e.g. invitations
to exercise
Propensity to learn from exercise-related
positive reinforcement
Motives Desire for peer approval
relating to sedentary pastimes
Opportunities for activities
more attractive than exercise
Feelings about the intrinsic attractiveness
of exercise
Evaluations Value placed on health Value placed on exercise
among peers
Belief that exercise will influence health
Plans Propensity to plan Life circumstances making
planning difficult
Ability to plan exercise regimen
Identity Low self-esteem Normative influences valuing
sedentariness
Feeling comfortable as someone who
is sedentary
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examined using multiple linear regression models. In
the basic model (only adjusting for age and town),
for both boys and girls, higher TDS scores were
significantly associated with lower self-reported
physical activity (boys: b¼ 0.75, P5 0.001; girls:
b¼ 0.79, P5 0.001) and with increased sedentary
activity (boys: b¼ 0.51, P5 0.001; girls: b¼ 0.34,
P¼ 0.014). In the final model, with adjustments for
social class, body mass index, physical health,
ethnicity, number of parents, school performance,
alcohol intake, and smoking status, the above
relationship between TDS and physical/sedentary
activity remained at the same levels of significance
and were only slightly weakened.
This study provides evidence that poorer psycho-
logical well-being in adolescents is independently
related to lower physical activity and increased
sedentary activity. The causal direction of this
relationship is not clear. Studies are needed to
evaluate the impact of physical activity interventions
on broad-based measures of mental health in
adolescents.
Exploring the relationship between high
sensitivity and competitive anxiety
I. Vergeer
Durham University, UK
High sensory-processing sensitivity, or ‘‘high sensitiv-
ity’’, is a temperament characteristic that has received
increasing attention in the past decade (Aron et al.,
2005: Personality and Social Psychology Bulletin, 31,
181 – 197). Individuals high in sensory-processing
sensitivity are thought to have a nervous system that
shows great sensitivity to both physical and psycho-
logical stimulation (e.g. pain, others’ moods), an
awareness of subtleties, and a tendency to process
information in a more complex and discriminating
fashion. As a result, they are prone to over-
stimulation, and consequently are more likely to
become nervous and under-perform in evaluative
situations (Aron & Aron, 1997: Journal of Personality
and Social Psychology, 73, 345 – 368). While several
positive consequences (e.g. deeper enjoyment) have
been associated with the trait, it is plausible that
individuals high in sensitivity might encounter specific
challenges within a competitive sport context.
The purpose of this study was to provide an initial
exploration of high sensitivity in the sport context by
investigating the relationship between sensitivity and
anxiety. It was hypothesized that, due to greater
receptivity to stimulation and stronger arousability,
sensitivity would be positively correlated with anxiety
intensity. No specific relationships were predicted for
anxiety direction or self-confidence.
After receiving institutional ethical approval, 133
student athletes (61% males, 39% females; mean age
19.9 years, s¼ 1.8), representing a range of sports
and abilities, completed the Highly Sensitive Person
Scale (a 27-item uni-dimensional inventory; Aron &
Aron, 1997) and the trait version of the Competitive
State Anxiety Inventory-2 (CSAI-2), modified to
include direction (Jones & Swain, 1995: The Sport
Psychologist, 9, 201 – 211). Pearson correlations
revealed significant relationships between sensitivity
and the intensity scores of cognitive anxiety (r¼
0.343, P¼ 0.000), somatic anxiety (r¼ 0.232, P¼
0.008) and self-confidence (r¼70.235, P¼ 0.007),
and with the direction score of self-confidence
(r¼70.206, P¼ 0.018).
The results suggest that athletes high in sensory-
processing sensitivity may be prone to greater soma-
tic and cognitive anxiety and less self-confidence, but
are not necessarily more debilitative in their anxiety
interpretations. High sensory-processing sensitivity
may be one explanation for why some athletes
experience more anxiety than others, and recogniz-
ing its presence is important for interventions (Aron,
1996: Counseling and Human Development, 28, 1 – 7).
Further examination of the role of high sensitivity
among athletes is recommended.
The effect of motivational interviewing on
physical activity adherence to an exercise
referral scheme
R. Ward1 & J. D. Breckon2
1East Riding of Yorkshire Council and 2Sheffield
Hallam University, UK
The purpose of this study was to evaluate the effects
of exercise counselling on client adherence to a
10-week exercise referral programme. The client-
centred counselling intervention was based on
motivational interviewing (Miller & Rollnick, 1991)
and delivered during the initial exercise referral
induction.
Procedures were approved by the university’s
ethics committee. The participants in this study
(n¼ 172) were patients referred onto an East Riding
of Yorkshire Council (ERYC) General Practice (GP)
exercise referral scheme between August 2004 and
February 2005. A random sample of participants
were allocated into a treatment group (n¼ 30), with
the remainder acting as a control group (n¼ 142).
The treatment group received a client-centred style
of exercise counselling delivered by an exercise
specialist trained in motivational interviewing. The
control group received a typical exercise induction
delivered by exercise specialists with no formal
counselling training. An ERYC leisure site was
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selected and motivational interviewing sessions were
delivered on two separate referral courses run between
the study dates. Interventions were brief negotiations
that lasted 30 min and were based on motivational
interviewing. Levels of adherence were measured at
6-week time periods after the course had been
completed. Programme adherence and completion
rates were examined between the treatment and
control groups to examine the impact of the counsel-
ling intervention. An Exercise Motivation Inventory
(EMI-2; Markland & Ingledew, 1997: British Journal
of Health Psychology, 2, 361 – 376) was administered to
a representative sample of participants (n¼ 73) to
ascertain possible gender and/or age bias in the
maintenance of long-term behaviour change.
Although results revealed a similar ratio of com-
pleters to non-completers irrespective of the interven-
tion, significant differences existed in total visits made
to ERYC leisure facilities (at week 6: U¼ 324.500,
P50.044; week 12: U¼ 320.000, P50.030; week
18: U¼ 281.500, P50.003; week 24: U¼ 342.500,
P50.045). Even though total visits declined over a
6-month time period (post-referral programme com-
pletion) regardless of intervention, 40% of partici-
pants receiving motivational interviewing were still
visiting ERYC leisure facilities compared with only
17% of participants receiving the non- motivational
interviewing intervention. The EMI-2 revealed a
gender bias (females: stress management, P¼ 0.033;
males: social recognition, P¼ 0.04) and an age bias
(50þ group: health pressures, P¼ 0.021; 550 group:
weight management, P¼ 0.042).
Results lend supports to Harland et al. (1999:
British Medical Journal, 319, 828 – 832), who found
that interventions to promote physical activity in the
UK are of questionable effectiveness. This study
concluded that the need to refocus existing service
delivery is associated with findings from a GP
exercise referral schemes that is failing to produce
long-term adherence to physical activity and a single
brief negotiation session based on motivational
interviewing that had produced a positive influence
on adherence to exercise.
The development of a measure of confidence
during athletic injury rehabilitation
A. Waters & L. Hardy
University of Wales Bangor, UK
Despite a plethora of research concerning the
psychology of sport injury rehabilitation, there
remains a dearth of psychological measures devel-
oped specifically for the sports injury rehabilitation
context. A prime example of a psychological factor
within sports injury research that lacks a standardized
measure and sound knowledge base is confidence.
The aims of this study were as follows: first, to
examine the importance of confidence during
different facets of athletic injury and, secondly, to
develop a measure of confidence for use throughout
athletic injury rehabilitation.
The importance of confidence in injury is a
relatively unexplored area and thus a qualitative
methodology was chosen for the first study. Retro-
spective interviews were conducted with five elite
athletes and three physiotherapists, focusing on their
experience of the role of confidence during injury
and rehabilitation. Content analysis was employed to
analyse the interview data. Results revealed that the
athletes and physiotherapists perceived confidence to
be important during a number of facets of the injury
experience and confidence to be affected by different
facets of the injury experience.
The results of the first qualitative study were
employed to develop an item pool. Each raw data
theme was used to generate an item for the inventory
and each first-order theme formed a subscale. The
six subscales were: confidence in the injured body
part, confidence in own body, confidence in rehabi-
litation team, fear of re-injury at point of re-entry,
confidence about ability on re-entry into sport, and
loss of self-esteem. The inventory was completed by
402 injured athletes (306 males, 96 females; mean
age 29.0 years, s¼ 10.6) who had sustained an injury
that precluded them from full training and sport
participation for at least 2 weeks (mean 32.7 weeks,
s¼ 29.0). Participants competed at various levels and
in a variety of sports.
As a result of confirmatory factor analysis using
the sequential model testing approach, the six-factor,
42-item model was reduced to a six-factor, 27-item
model that demonstrated acceptable model fit
(w2309¼ 963.12, P5 0.01, root mean square error
of approximation¼ 0.074, comparative fir index¼
0.94, and standard root mean residual¼ 0.069). The
measure developed in this study is still in the
developmental stages and further validity research
needs to be conducted. However, the confirmatory
factor analysis provided support for the use of this
instrument to measure confidence during sports
injury rehabilitation.
Monitoring burnout and motivation changes
in academy cricket players over
a competitive season
N. J. V. Weston & R. C. Thelwell
University of Portsmouth, UK
Burnout has been described as a psychological
syndrome characterized by physical and emotional
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exhaustion, a decreased sense of accomplishment,
and sport devaluation (Raedeke & Smith, 2001:
Journal of Sport and Exercise Psychology, 23, 281 –
306). Given the ever increasing demands placed
on professional athletes to succeed, researchers
have highlighted the potential for athletes to experi-
ence burnout. Despite varied research approaches
in the area, few researchers have investigated
longitudinal changes in athlete burnout. Hence,
the primary aim of the present study was to
examine whether burnout levels in academy county
cricket players changed significantly over the course
of a competitive season. Several authors have
suggested a link between burnout and motivation,
yet only a single study by Cresswell and Eklund
(2005: Medicine and Science in Sports and Exercise,
37, 1957 – 1966) has examined this relationship
over time. Therefore, a further aim was to examine
the relationship between burnout and motivation in
academy cricket players across a competitive
season.
After receiving ethical approval, ten players
(mean age 16.3 years, s¼ 0.8) from a single English
Cricket Board County Academy completed the
Athlete Burnout Questionnaire (Raedeke & Smith,
2001) and Sport Motivation Scale (Pelletier et al.,
1995: Journal of Sport and Exercise Psychology, 17,
35 – 53) four times at monthly intervals (June to
September). A repeated-measures multivariate
analysis of variance revealed no significant
changes in burnout scores over the four months
(Wilks’ l9,1¼ 0.073, P4 0.05). Indeed, player’
burnout scores, which ranged from low to moder-
ate (1.38 – 2.38), remained relatively stable across
the competitive season. Correlational analysis
revealed moderate to strong positive associations
between the three burnout subscales and amotiva-
tion. Furthermore, moderate to strong negative
relationships were found between burnout
scores and intrinsic motivation at each of the four
time points. The present findings provide strong
support for the link between athlete perceptions of
burnout and motivation across a competitive
season.
As a result of the low to moderate levels of
burnout experienced by the cricketers, the
academy head coach was interviewed to examine
the strategies he employed to prevent player burnout.
Interview analysis revealed a number of strategies,
including regular individual player meetings, emo-
tion/progress diary discussions, schedule planning,
and a multidisciplinary approach to performer
welfare. Given the various study findings, further
research examining longitudinal changes in burnout
across various sports, in addition to identifying
strategies employed by coaches to prevent the
condition, is warranted.
The relationship between trait emotional
intelligence and performance strategies
C. J. L. Wharram & T. Westbury
Napier University, Edinburgh, UK
Emotional intelligence has been defined as an indivi-
dual’s ability to recognize emotion, reasoning both with
emotion and emotional related information, and
processing emotional information as part of a
general problem-solving ability (Mayer & Geher,
1996: Intelligence, 22, 89 – 113). The aim of the current
study was to establish a correlational link between
emotional intelligence and psychological skills.
After receiving local ethical clearance, 33 male
athletes were included in the study (mean age 21.7
years, s¼ 3.1). The participants were rugby (n¼ 19)
and football (n¼ 14) players with substantial experi-
ence in their respective sport (mean competitive
experience 10.2 years, s¼ 3.4).
The participants completed the Test of Perfor-
mance Strategies (TOPS) questionnaire (Thomas
et al., 1999: Journal of Sports Sciences, 17, 697 – 711)
and the Trait Emotional Intelligence Questionnaire
(TEIQue) (Petrides & Furnham, 2003: European
Journal of Personality, 17, 39 – 57). A Pearson’s
correlation coefficient was calculated to highlight
any association between trait emotional intelligence
and psychological skills.
Results suggest that the association between trait
emotional intelligence and psychological skills is more
frequently observed in a competition as opposed to a
practice setting. Statistically significant associations
between trait emotional intelligence and psychological
skills in competition were found for self-talk (r¼ 0.4,
P50.05), emotional control (r¼70.46, P50.01),
imagery (r¼ 0.36, P50.05), activation (r¼ 0.39, P5
0.05), and negative thinking (r¼70.6, P50.01).
Emotional control (r¼70.439, P50.05) and self-talk
(r¼ 0.4, P50.05) were significantly associated with
trait emotional intelligence in a practice setting.
The results of the current study suggest that
emotional intelligence elicits a greater association
with psychological skills in competition as opposed
to practice. It is essential that individuals can
perceive emotions not only in themselves but in
others to ensure interpersonal cooperation (Mayer &
Salovey, 1990: Emotion, 1, 232 – 242). This is the key
to successful performance and may explain the more
frequent association in competition. The work of
Frey et al. (2003: Journal of Applied Sports Psychology,
15, 115 – 128) also illustrates that psychological skills
are more frequently employed by athletes in compe-
tition as opposed to practice. The current study
provides a foundation to the argument that
emotional intelligence is strongly associated with
psychological skills.
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Long-term benefits of phase III cardiac
rehabilitation
A. Yalfani1, P. Doherty2, A. Yohannes3, &
C. Bundy4
1The University of Bu-Ali Sina, Iran, 2York St. John
College, UK, 3Manchester Metropolitan University,
UK and 4The University of Manchester, UK
Cardiovascular diseases are the leading causes of
death in the UK (British Heart Foundation, 2003:
Coronary heart disease statistics. London: BHF).
Advances in medical technology and treatments have
increased the survival rates of patients with coronary
heart disease (British Heart Foundation, 2000).
Despite advances in technology, the prevalence of
psychological distress such as depression and anxiety
remains high after cardiac events (AUTHORS,
2002: British Journal of Health Psychology, 7, 11 –
21). Exercise cardiac rehabilitation improves psy-
chological distress and quality of life in patients with
cardiac problems (AUTHORS, 1999: Heart, 81,
359 – 366) but there has been little attention given to
the long-term effects of cardiac rehabilitation pro-
grammes in the UK. The aim of the present study
was to investigate the benefits of a 6-week phase III
outpatient cardiac rehabilitation programme at 6
months and 12 months follow-up. The Central
Manchester Local Research Ethics Committee
approved the study protocol in 2001.
The participants consisted of 147 (109 males, 38
females; mean age 61 years, range 38 – 84) consecutive
referrals to a phase III cardiac rehabilitation programme
with cardiac problems. The participants completed a
6-week comprehensive exercise cardiac rehabilitation
programme at the Central Manchester and Manchester
Children’s University Hospitals. They also completed a
series of psychological and physical activity question-
naires, including the Illness Perception Questionnaire
(Moss-Morris et al., 2002), the McNew Quality of Life
after Myocardial Infarction questionnaire (QLMI;
Valenti et al., 1996), the Hospital Anxiety and Depres-
sion Scale (HADS; Zigmond & Snaith, 1983), and the
7 Day Recall Physical Activity Questionnaire (Blair,
1984) at baseline, 6-weeksafter the programme, and at 6
and 12 months.
The results (Table I) showed that the patients’
perception of illness improved (P¼ 0.001) after the
exercise cardiac rehabilitation programme. Psycho-
logical distress (anxiety and depression), level of
physical activity, and quality of life improved after
the programme, and was maintained at 6 and 12
months compared with baseline. Depression was the
strongest predictor of quality of life at follow-up.
Logistic regression analysis indicated that women
were three times more likely to drop out of the
programme.
The greatest improvement was seen immediately
after the cardiac programme (6 weeks) but deteriora-
tion in scores was observed at follow-up. However,
the changes at follow-up were not statistically
significant compared with the 6-week results. We
conclude that completion of a cardiac rehabilitation
programme has long-term psychological and physical
benefits and improves quality of life regardless of age
or gender. The results demonstrate that illness
cognition and psychological distress significantly
affected patients’ quality of life and rehabilitation in
the long term. To meet the aims of the national
service framework for cardiac rehabilitation, profes-
sionals and healthcare providers must be aware of
how psychological distress affects the patient’s
recovery process. It is strongly suggested that routine
assessment for and treatment of psychological dis-
tress based on a bio-psychosocial model is a priority.
PART VI: SPORT AND EXERCISE
SCIENCES
Evaluation of Well at Work, a national
workplace health initiative in the UK: Baseline
employee physical activity levels
E. Adams & F. Bull
Loughborough University, UK
The workplace is regarded as an important setting to
promote healthy lifestyles to adults of working age.
However, such an approach has been under-used
and the evidence of what works in the UK is limited.
This research project is an evaluation of a national
initiative comprising nine regional projects encom-
passing 32 workplaces representing different sized
organizations and sectors.
The interventions are based on a socio-ecological
framework and address key lifestyle behaviours such
as physical activity, healthy eating, and smoking
cessation. Programme components are delivered by
regional project teams according to the specific inter-
ests, needs, and resources of each workplace, based on
four strategic areas: (1) health education and awareness;
Table I. Mean differences between the QLMI, HADS scores and
physical activity compared with baseline.
Baseline 6 weeks** 6 months* 12 months*
QLMI 4.1 5.4 5.2 5.1
HADS anxiety
score
7.50 5.64 6.30 6.50
HADS depression
score
7.37 5.76 5.20 5.70
Physical activity 1767.48 1994.24 1954.69 1906.82
*P5 0.05, **P5 0.001.
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(2) programmes and services; (3) supportive environ-
ment; and (4) supportive workplace policies. Examples
include pedometer challenges, promoting stair use,
active travel programmes, smoking cessation pro-
grammes, weight loss programmes, and the provision
of healthy options in the canteen.
The national evaluation framework comprises pro-
cess, impact, and outcome evaluation involving six core
components: (1) employee questionnaire; (2) work-
place site assessment; (3) evaluation of specific pro-
gramme components (e.g. stair use with an electronic
counter); (4) focus group discussions; (5) key informant
interviews (for example, with managers, employee
champions, project coordinators); and (6) participant
satisfaction surveys. Several workplaces will also assess
business-related outcomes (e.g. absenteeism, staff turn-
over, and productivity). The evaluation of the project
was approved by the university ethics committee.
Baseline employee surveys were completed by
3490 employees from 32 organizations with response
rates ranging from 16 to 51%. The mean age of
employees was 40.5 years (s¼ 11; range 16 – 84) and
60.5% of respondents were female. Across the
different domains of physical activity, 62.4% of
employees reported being ‘‘not at all physically
active’’ or ‘‘not very physically active’’ at work;
30.3% of employees walked or cycled to or from
work and 69.8% of employees used walking or
cycling as a means to travel to and from places other
than work. Only 21.6% of employees met the current
recommended guidelines of 30 min of moderate
physical activity on at least 5 days a week (Depart-
ment of Health, 2004: CMO Report: At least five a
week. London: DoH); 27.7% reported participating
in at least three 30-min sessions of sport and
recreation per week and 51% of employees did not
participate in any sport and recreation.
Overall, the results suggest there is significant
scope to increase participation by targeting the adult
working population. Specifically, programmes aimed
at active travel and increased sports participation
may be warranted.
Evaluation of uptake and effectiveness
of exercise referral in Angus, Scotland
C. D’Silva & A. Kirk
University of Dundee, UK
Exercise is an effective prevention and management
therapy for heart disease, obesity, and Type 2
diabetes. Exercise referral programmes have been
introduced to encourage people with, or at risk of,
chronic disease to lead a more physically active
lifestyle. This study investigated uptake and effec-
tiveness of exercise referral in Angus, Scotland.
After receiving ethical approval, data from the referral
form (gender, age, body mass index, referral health
category: depression, obese, young overweight, dia-
betes, combined medical) and two previously con-
ducted fitness tests were transferred to an Excel
database. Fitness tests were conducted before and after
12 weeks of participation and included measurements
of percent body fat (Tanita electronic scales), lung
function (MicroPlus Spirometer), blood pressure
(Microlife automatic monitor), flexibility (sit-and-
reach), grip strength (grip dynamometer), and exercise
capacity (submaximal bicycle ergometer). Participant
socioeconomic category was derived using the Carstairs
and Morris Deprivation score. It was also documented
if patients received the programme at no cost. The
exercise referral programme involved an individualized
12-week gym programme.
A total of 363 patients were registered with this
referral programme. Chi-square analysis identified
higher uptake by females (w2¼ 119.7, d.f.¼ 1,
P5 0.001) and people in more affluent socioeco-
nomic categories (w2¼ 28.6, d.f.¼ 1, P5 0.001). Of
the total group, 36.3% (n¼ 131) completed 12 weeks
of the programme and the two fitness tests, 29.2%
(n¼ 112) did not complete the 12 weeks, and 34.5%
(n¼ 120) did not attend at any stage. Analysis of
variance identified participants completing the pro-
gramme were older (mean age 54 years) than those
not completing (mean age 46 years) or not attending
(mean age 46 years) (P5 0.001). The Wilcoxon
signed rank test recorded a decrease in percent
body fat [95% confidence interval (95% CI)¼ 2.1,
71.0%] and an increase in the forced expiratory rate
(95% CI¼ 0.1, 2.5%) for the group as a whole over
the 12 weeks. A decrease in percent body fat (95%
CI¼72.5, 71.0%) in obese patients was the only
difference recorded from analysis of individual
referral health categories.
The uptake and adherence to this programme
compare poorly with previous research. Such strate-
gies as exercise consultation as an effective method to
improve uptake and adherence to exercise referral
programmes are needed. Limited improvements in
measured health outcomes were noted; however, the
appropriateness of the measurements taken needs to
be questioned.
A randomized controlled trial of two walking
interventions in a university community
N. Gilson1, J. McKenna1, C. Cooke1, & W. Brown2
1Leeds Metropolitan University, UK and 2University
of Queensland, Australia
Walking 10,000 steps a day is an important
public health target for adults (Le Masurier et al.,
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2003: Research Quarterly for Exercise and Sport, 74,
389 – 394). However, walking behaviour remains
sporadic and infrequent, particularly for those
employed within sedentary, office-based occupa-
tions. Using a randomized controlled trial design,
this study evaluated the impact that two different
types of walking intervention had on the work-day
step counts of UK academic and administrative
employees.
After receiving ethics clearance, a convenience
sample of 64 employees (58 women, 6 men)
completed baseline and intervention measures for
step counts (Yamax SW 200) over a 10-week period
(October to December 2006). Baseline step counts
(5 working days) were used to randomly allocate
participants to a control (maintain normal behaviour,
n¼ 22; mean age 40.6 years, s¼ 10.7) and two
treatment groups. The first treatment group, termed
‘‘walking routes’’ (n¼ 21; mean age 43.8 years,
s¼ 10.2), employed prescribed walks around cam-
pus, with participants asked to complete at least
15 min of continuous, brisk walking every work day.
The second treatment group, termed ‘‘walking
within tasks’’ (n¼ 21; mean age 39.8 years,
s¼ 10.4), needed to increase their walking at the
expense of sitting, with lectures, seminars, and small
meetings targeted as contexts where working tasks
were made more active. Intervention effects were
evaluated by calculating the magnitude of difference
between pre-intervention and intervention step
counts (average of three measurement points, of 5
working days each). A one-way analysis of variance
was used to analyse significant differences between
groups.
Baseline step counts showed work-based walking
to be below the recommendation of 10,000 steps a
day (control: mean 8922 steps a day, s¼ 3037;
‘‘walking routes’’: mean 8816 steps a day, s¼ 3234;
‘‘walking in tasks’’: mean 9287 steps a day,
s¼ 3459). A comparison between pre-intervention
and intervention step counts showed a significant
intervention effect (P¼ 0.002). Steps decreased in
the control group and increased in both treatment
groups (control vs. ‘‘walking routes’’, P¼ 0.008;
control vs. ‘‘walking in tasks’’, P¼ 0.005) (see
Figure 1).
Compared with a control group, the findings of
this feasibility study showed that ‘‘walking in tasks’’
was equally effective at increasing step counts as
‘‘walking routes’’. Both groups added, on average,
close to 1000 steps a day to typical work-based
walking behaviour. This suggests that encouraging
walking while completing work-based tasks may be
an effective means of physical activity promotion in
sedentary occupations.
The relationship between organizational
climate and job satisfaction among physical
education teachers in high schools in Tehran
H. Habib1, K. Aliasghar2, & R. Reza3
1Allame Tabatabaei University, 2Azad University and
3University of Tehran, Iran
Teachers are a crucial element of educational
opportunity structures. Teachers’ low motivation
and its detrimental effect on student achievement
are central problems of many education systems in
Iran. The relationship between organizational cli-
mate and job satisfaction is not well understood. The
purpose of this study was to investigate the relation-
ship between measures of organizational climate and
measures of job satisfaction as applied to physical
education teachers in Tehran high schools. The
research method of this study was descriptive,
survey, and correlation.
After receiving institutional ethic approval, 306
male and female physical education teachers in
Tehran high schools were selected for the present
study. Organizational climate and job satisfaction
questionnaires were used, the reliability and validity
of which were 0.87 and 0.92 respectively. The
relationships between organizational climate dimen-
sions (goals, roles, rewards, methods, relations) with
job satisfaction dimensions (work, promotion, col-
league, management, advantages) were examined. In
addition, the relationships of some individual char-
acteristics (gender, marriage status, employment,
years’ of service) with job satisfaction were studied.
Statistical significance was set at P5 0.05.
There was a significant correlation between a high
school’s organizational climate and the physical
education teacher’s job satisfaction (r¼ 0.83,
P¼ 0.01). A significant correlation was observed
between job satisfaction and employment (r¼ 0.80,
Figure 1. Differences between pre-intervention and intervention
data for the control and treatment groups (mean+s).
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P¼ 0.01), but the relationship between job satisfac-
tion with marriage status and years of service were
not significant (P4 0.05). Significant differences
were also observed between four sections of the
education system in Tehran (F¼ 4.16, P5 0.05). It
was revealed that there were significant differences
between men’s and women’s job satisfaction
(t¼ 2.63, P5 0.05), with women being more satis-
fied. Multiple regression between job satisfaction and
organizational climate showed that three organiza-
tional climate factors (goals, roles, rewards) and two
job satisfaction factors (work, management) were
considered to be the best predictors of a teacher’s job
satisfaction.
The results of this research reveal that there was a
relationship between a high school’s organizational
climate and physical education teachers’ job satisfac-
tion. There is a need for further study of the various
aspects of organizational climate as influences on
teacher satisfaction. Hence the results suggest that
executive directors and school managers should
focus on job satisfaction factors; it is extremely
important to know whether these human resources
are used efficiently.
Proprioceptive neuromuscular facilitation
versus resistance training for the rehabilitation
of ‘‘swimmer’s shoulder’’ in non-injured
triathletes
R. Harker
University of Hertfordshire, UK
Proprioceptive neuromuscular facilitation (PNF) is a
strengthening technique that utilizes spiral-diagonal
patterns of movements, which operate within the
topographical arrangement of muscles making PNF
similar to the movements found in various sports.
Rehabilitation of injuries such as ‘‘swimmer’s
shoulder’’ traditionally takes the form of uni-planar
resistance training, bearing no functional similarity
to athletic movement and carrying little capacity for
motor transfer.
The purpose of this study was to identify and
endorse whether PNF compares with or exceeds
resistance training, as a strength-training medium,
for musculoskeletal injuries. Twelve amateur triath-
letes were randomly assigned to one of three groups:
PNF, resistance training, and a non-training control.
The number of repetitions, total work, fatigue index,
average position of peak power, and average peak
power of the training groups were assessed before
and after a 6-week training intervention. Variables
were assessed using a pre- and post-training,
metronome-timed 20-repetitions and 20-s maxi-
mum effort, land-based simulated swim, using a
multi-axial dynamometer (EN-Tree pulley, Enraf
Nonius; test – retest reliability, P¼ 0.71). Training
sessions (PNF and resistance) were in the form of a
circuit using dumbbells, weighted balls, elastic
tubing, and a therapist (twice a week).
A mixed between-individuals analysis of variance,
with a Dunnet’s (two-sided) post hoc test, revealed a
significant difference (P50.05) from pre- to post-
training between the PNF training group and the
control for all independent variables. Significant gains
were found from pre to post (mean+s) for number of
repetitions (from 22.5+1.7 to 26.0+2.4), total work
(from 683.0+175.5 to 2735.0+980.6), and average
peak power (from 99.5+34.0 to 215.5+52.7), while a
significant decrease was observed for the fatigue index
(from71.1+1.2 to 1.1+0.9) and average position of
peak power (from 0.5+0.1 to 0.3+0.1). No signifi-
cant changes were identified between the resistance
training group and the control group.
The increase in the number of repetitions, total
work and average peak power, and decrease in the
fatigue index, of the PNF group can be explained by
the theory of ‘‘overflow’’, whereby activation of
multiple muscle groups causes an increase in the
number of motor neurons recruited. Additional
motor neurons ‘‘overflow’’ from large strong muscles
into small weak muscles, increasing their contraction
strength and ability to sustain a contraction. The
results lend support to the proposed effectiveness of
PNF as a form of strength training. Combining the
physiology of PNF with its spiral diagonal patterns
provides an excellent late rehabilitation medium for
complex athletic activities. The implications of this
study are that PNF can be used to prevent loss of
technique for any sporting activity involving spiral
diagonal movement.
The effect of a supplement containing b-alanine
on muscle carnosine synthesis and exercise
capacity, during 12 weeks of combined
endurance and weight training
R. C. Harris1, H. J. Kim2, C. K. Kim2,
Y. W. Lee2, C. Sale1, D. B. Harris1, & J. A. Wise3
1University of Chichester, UK, 2Korea National
Sport University, Korea and 3Natural Alternatives
International, USA
Muscle carnosine is a highly effective physiological
buffer (Tanokura et al., 1976: Biopolymers, 15, 393 –
401) and is one of just a few pH-active compounds
where the concentration can be modified by diet and
training. Synthesis occurs within muscle and is
limited by b-alanine availability (Harris et al., in
press: Amino Acids). We have shown that b-alanine
supplementation for 10 weeks increases muscle
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carnosine concentration by *80% (Hill et al.,
in press: Amino Acids). Muscle carnosine concentra-
tion is increased by chronic training (Parkhouse
et al., 1985: Journal of Applied Physiology, 58, 14 – 17);
the effect of short-term training is less clear.
Suzuki et al. (2004: International Journal of Sports
Health Science, 2, 105 – 110) reported a doubling
in muscle carnosine concentration with sprint train-
ing (3 days a week for 8 weeks) in contrast to
Mannion et al. (1994: European Journal of Applied
Physiology, 68, 356 – 361), who found no effect of
16 weeks of isokinetic training. The aim of the
present study was to investigate the effect of a
supplement [Phosphagen Elite (PE)TM, EAS, USA]
containing 1.6 g b-alanine (CarnosynTM, NAI,
USA), 5.25 g creatine monohydrate, and 1 g taurine
per serving on muscle carnosine concentration
during training.
Cyclists (mean age 20 years, s¼ 1; body mass
78 kg, s¼ 8) received either PE (n¼ 6) or control
(PE less b-alanine) (n¼ 6) three times a day (i.e.
4.8 g b-alanine day71 in the test group) during 12
weeks of combined endurance (5 h a day, 6 days a
week) and weight training (3 days a week). Biopsies
of the vastus lateralis were taken at 0 and 12 weeks
for fibre morphology and analysis of muscle carno-
sine and muscle taurine concentrations. The parti-
cipants undertook an incremental cycle test to
determine maximal oxygen consumption ( _V O2max),
_V O2max at the ventilatory threshold, work time to
exhaustion, and total work done with 908 isokinetic
contraction of the knee extensors at 4.19 rad  s71.
The study was approved by the KNSU ethics
committee.
Type II cross-sectional area increased equally in
the control and PE groups with training (P5 0.05).
Muscle carnosine concentration was unchanged by
training (mean 23.9 vs 25.7 mmol  kg71 dry muscle;
P4 0.05) but increased with supplementation
(mean 20.5 vs 30.0 mmol  kg71 dry muscle; P5
0.01). Muscle taurine concentration did not change.
Oxygen consumption at the ventilatory threshold,
work time to exhaustion, and total work done
(isokinetic flexion) were increased with supplemen-
tation. Total work done (isokinetic extension) was
unchanged.
We conclude that there was no effect of 12 weeks
combined endurance and weight training on
muscle carnosine concentration when the supply of
b-alanine was limited to that synthesized in the
body or supplied in the non-supplemented Korean
diet. Only when supplementary b-alanine was
supplied was muscle carnosine concentration
increased. The gains in work time to exhaustion
and total work done are possibly the result of the
increase in buffering capacity with increases in
muscle carnosine concentration.
b-Adrenoreceptor desensitization:
A mechanistic insight into post-exercise
reductions in cardiac function
E. Hart1, E. Dawson2, P. Rasmussen3, K. George4,
N. Secher3, & R. Shave1
1Brunel University, UK, 2University of North Texas,
USA, 3Copenhagen Muscle Research Centre, Denmark
and 4Liverpool John Moores University, UK
Desensitization of the b-adrenoreceptors may be an
underlying mechanism of post-exercise reductions in
left ventricular function. However, the studies that
have examined alterations in the heart rate response
to a b-adrenoreceptor agonist following prolonged
exercise (Eysmann et al., 1996: Journal of Applied
Physiology, 80, 616 – 622; Welsh et al., 2005: Journal
of Physiology, 569, 325 – 330) have not considered
changes in pre- to post-exercise parasympathetic
tone. Furthermore, alterations in the left ventricular
inotropic response to a b-adrenoreceptor agonist
after prolonged exercise remain unclear. This study
investigated alterations in b-adrenoreceptor sensitiv-
ity and inotropic function in response to isopro-
terenol infusion pre- and post-exercise, after
parasympathetic inhibition.
Seven trained males (mean age 27 years, s¼ 6;
body mass 84.3 kg, s¼ 9.0) completed 4 h of
ergometer rowing at 10 – 15% below the power
output associated with the lactate threshold. Heart
rate and two-dimensional echocardiographic
response to incremental isoproterenol infusion (2,
4, and 6 mg  kg71 min71) were assessed pre- and
post-exercise, after vagal blockade via intravenous
bolus infusion of glycopyrrolate (0.8 mg). The
systolic pressure volume ratio (SBP/ESV), stroke
volume, and cardiac output were assessed echocar-
diographically using a commercially available ultra-
sound system (Esoate GPX, Italy). Alterations in
pre- and post-exercise systolic function and heart
rate during isoproterenol infusion were analysed
using a two-way repeated-measures analysis of
variance, with alpha set at 0.05.
Following parasympathetic inhibition, the
heart rate response to incremental isoproterenol
infusion was blunted post-exercise at both 4 and
6 mg  kg71 min71 (P 5 0.05) (Figure 1). The
inotropic response to isoproterenol was also blunted
following prolonged exercise; SBP/ESV was reduced
at 4 and 6 mg  kg71 min71 (P5 0.05), whereas
stroke volume and cardiac output were decreased
at all doses of isoproterenol infusion (P5 0.05)
(Figure 1).
Cardiac chronotropic and inotropic responses to
isoproterenol were blunted as a result of prolonged
exercise. Consequently, increases in cardiac output,
in response to isoproterenol infusion, were limited
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following exercise. Post-exercise blunting of both the
chronotropic and inotropic response to isoproterenol
following parasympathetic blockade suggests that
desensitization of b-adrenoreceptors, and not altera-
tions in vagal tone, may explain post-exercise
reductions in cardiac function.
Attributing responsibility for success and
failure in teams
M. V. Jones, M. Allen, D. Sheffield, &
P. J. McCarthy
Staffordshire University, UK
In organizational settings teams are given credit for
success, while individuals tend to be singled out as
the cause of team failure (Naquin & Tynan, 2003:
Journal of Applied Psychology, 88, 332 – 340). This is
proposed to occur because failure triggers counter-
factual thinking, whereby thoughts of alternative
outcomes are generated (Roese, 1997: Psychological
Bulletin, 121, 133 – 148). Because people are more
likely to have counterfactual thoughts that target
individuals, their attributions are biased accordingly.
In this study, the existence of this ‘‘team halo effect’’
was examined across three samples of team sport
participants and sport fans. After receiving ethics
approval from the authors’ institution, team and
individual attributions were assessed using a similar
procedure to that of Naquin and Tynan.
In the first sample, 194 athletes (140 males, 54
females; mean age 19.6 years, s¼ 2.2) recalled both a
successful and unsuccessful team sport competi-
tion in which they were involved. Greater attribu-
tions were made to team factors (F1,193¼ 277.04,
P5 0.001, Z2¼ 0.589) across both success and
failure.
In the second sample, 82 athletes (20 males, 62
females; mean age 22.2 years, s¼ 5.8) indicated the
reasons for success or failure immediately after
competing. Greater attributions were made to team
factors (F1,80¼ 89.46, P5 0.001, Z2¼ 0.528) across
success and failure. A significant interaction was
observed (F1,80¼ 6.67, P¼ 0.012, Z2¼ 0.077)
whereby attributions to the team (P5 0.001) were
lower following failure than following success.
In the third sample, data were collected from 113
association football fans (86 males, 27 females; mean
age 19.5 years, s¼ 2.0). Greater attributions were
made to team factors (F1,112¼ 145.12, P5 0.001,
Z2¼ 0.564). An interaction was observed (F1,112¼
11.379, P¼ 0.001, Z2¼ 0.092) whereby attributions
to the team (P5 0.001) were lower, and attributions
to individuals were higher (P¼ 0.001), following
failure than following success.
In contrast to organizational settings, responsibil-
ity both for success and failure were allocated
primarily to the team. However, attributions to the
team were lower following failure than following
success, although apart from the sports fans there
was no concomitant increase in attributions to the
individual following failure. This tendency to direct
less attention towards team factors following failure
may impact the strategies used by teams to address a
poor performance.
Figure 1. Heart rate (HR), systolic pressure volume ratio (SBP/ESV), stroke volume (SV), and cardiac output ( _Q) response to isoproterenol
pre- and post-exercise, after vagal inhibition. *Different from pre-exercise (P50.05).
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The effect of b-alanine supplementation on
muscle carnosine synthesis over 4 weeks using
a one-leg training model
I. P. Kendrick1, R. C. Harris1, C. K. Kim2,
H. J. Kim2, D. H. Viet3, L. Q. Thanh3,
B. T. Toai3, & J. A. Wise4
1University of Chichester, UK, 2Korea National
Sport University, Korea, 3University of Physical
Education and Sport II, Vietnam and 4Natural
Alternatives International, USA
Muscle carnosine is a highly effective Hþ buffer over
the physiological pH range and can be increased by
b-alanine supplementation (Harris et al., in press:
Amino Acids). Muscle carnosine concentration is
increased by chronic training (Parkhouse et al., 1985:
Journal of Applied Physiology, 58, 14 – 17); the effect
of short-term training is less clear. Suzuki et al.
(2004: International Journal of Sports Health Science, 2,
105 – 110) reported a doubling in muscle carnosine
concentration with 8 weeks of sprint training (3 days
a week) in contrast to Mannion et al. (1994: European
Journal Applied Physiology, 68, 356 – 361), who
reported no effect over 16 weeks. The aim of this
study was to determine the effect of b-alanine
supplementation on muscle carnosine concentration
during 4 weeks of training.
In the first part of the study, 14 male Vietnamese
physical education students aged 20 – 26 years partici-
pated in the study. None were vegetarians and their
normal diet was maintained. The participants were
randomly allocated to receive 800 mg of b-alanine eight
times a day for 4 weeks (CarnosynTM, NAI, USA) or
matching capsules of maltodextrin. The participants
trained isokinetically using one leg three times a week for
the first 2 weeks and then four times a week in weeks 3
and 4. Training sessions consisted of 10610 maximum
908 isokinetic extension and flexion contractions at
3.14 rad  s71 (KinKom isokinetic dynamometer) with
1 min rest between bouts. The contralateral leg served
as a control and was not trained. Biopsies of the
vastus lateralis were taken at 0, 2, and 4 weeks for
analysis of muscle carnosine and muscle taurine
concentrations.
In the second part of the study, 7 students of
similar age, height, and mass undertook 60 min (five
times a week) of maximal self-paced cycle training
with one leg. The contralateral leg was not trained
and served as a control. Biopsies were taken at 0 and
4 weeks. Four of the students were supplemented
with b-alanine and three with placebo. Muscle
taurine concentration did not change.
In the first part of the study, muscle carnosine
concentration increased in those participants supple-
mented with b-alanine (mean 34.3%, s¼ 13.5,
P5 0.05 and mean 52.2%, s¼ 10.7, P5 0.01 for
the trained leg at 2 and 4 weeks; mean 16.7%,
s¼ 6.4, P5 0.05 and mean 28.3%, s¼ 11.2,
P5 0.05 for the untrained leg at 2 and 4 weeks).
Without b-alanine supplementation, muscle carno-
sine concentration was unchanged for both legs.
Muscle taurine concentration did not change in any
condition. In the second part of the study, the same
trends occurred as in the first part, with muscle
carnosine concentration increasing with b-alanine
supplementation but there was no change even in the
trained leg without supplementation.
We conclude that there was no effect of 4 weeks of
isokinetic strength training on muscle carnosine
concentration when the supply of b-alanine was
limited to that synthesized in the body or supplied in
the non-supplemented Vietnamese diet. Net synth-
esis, during training, appears to be similarly limited
by the availability of b-alanine. Muscle carnosine
synthesis with b-alanine supplementation appeared
to be enhanced by training.
The effect of b-alanine supplementation on
muscle carnosine during 10 weeks of strength
training
I. P. Kendrick1, C. K. Kim2, D. H. Viet3,
R. C. Harris1, H. J. Kim2, L. Q. Thanh3,
B. T. Toai3, & J. A. Wise4
1University of Chichester, UK, 2Korea National Sport
University, Korea, 3University of Physical Education
and Sport II, Vietnam and 4Natural Alternatives
International, USA
Muscle carnosine, when present in high concentra-
tions, is a highly effective physiological buffer
(Tanokura et al., 1976: Biopolymers, 15, 393 – 401).
Synthesis occurs within muscle and is limited by
b-alanine availability (Harris et al., in press: Amino
Acids). We have shown that b-alanine supplementa-
tion for 10 weeks increases muscle carnosine con-
centration by *80% (Hill et al., in press: Amino
Acids). Muscle carnosine concentration is increased
by chronic training (Parkhouse et al., 1985: Journal
Applied Physiology, 58, 14 – 17; Tallon et al., 2005:
Journal of Strength and Conditioning Research, 19,
725 – 729); the effect of short-term training is less
clear. Suzuki et al. (2004: International Journal of
Sports Health Science, 2, 105 – 110) reported a
doubling in muscle carnosine concentration with 8
weeks of sprint training (three days a week) in
contrast to Mannion et al. (1994: European Journal of
Applied Physiology, 68, 356 – 361), who reported no
effect of 16 weeks of isokinetic training. The aim of
this study was to investigate the effect of b-alanine
supplementation on muscle carnosine concentration
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during 10 weeks of dynamic-resistance strength
training.
Twenty-six male Vietnamese physical education
students aged 20 – 26 years were recruited to the
study. None were vegetarians and all continued with
their normal dietary intake of meat and fish, which
contributed an estimated 100 – 500 mg day71
b-alanine (as carnosine or anserine). The partici-
pants were matched in pairs according to mass and
initial strength, and randomized to receive 800 mg
b-alanine (CarnosynTM, NAI, San Marcos) 8 times
a day for 10 weeks or matching placebo capsules
of maltodextrin. The participants undertook four
weight-training sessions per week, two being lower
body-dominant and two upper body-dominant. The
goal was to induce maximal strength and muscle
mass gains in the 10 weeks. Biopsies of the vastus
lateralis were taken at 0 and 10 weeks for analysis of
muscle carnosine and muscle taurine concentrations.
Muscle carnosine concentration was unchanged
with training (before: mean 29.2 mmol  kg71 dry
muscle, s¼2.6; after: 27.3 mmol  kg71 dry muscle,
s¼ 2.8; P4 0.05) but increased when supplementa-
tion was included (before: 23.6 mmol  kg71 dry
muscle, s¼ 1.4; after: 36.0 mmol  kg71 dry muscle,
s¼ 2.23; P5 0.001). Muscle taurine concentration
did not change (training: 32.3 mmol  kg71 dry mus-
cle, s¼ 1.6 vs. 36.1 mmol  kg71 dry muscle, s¼ 3.3;
P4 0.05; trainingþ supplementation: 31.1 mmol 
kg71 dry muscle, s¼ 3.7 vs. 34.0 mmol  kg71 dry
muscle, s¼ 2.4; P4 0.05).
We conclude that there was no effect of 10 weeks
of dynamic-resistance training on muscle carnosine
concentration when the supply of b-alanine was
limited to that synthesized in the body or supplied in
the non-supplemented Vietnamese diet. Net synth-
esis, during training, appears to be similarly limited
by the availability of b-alanine. A direct chemical
consequence of the increase in mmol  kg71 dry
muscle concentration will be a corresponding
increase in Hþ buffering provided by carnosine.
The social and cultural impact of newspaper
representation of female athletes:
A 20-year analysis
H. Matheson1 & M. Shepherd2
1University of Wales, Newport and
2Cardiff University, UK
Research on the media representation of female
athletes (Matheson & Flatten, 1996: Women in Sport
and Physical Activity Journal, 5, 65 – 83) indicated
that the number of newspaper articles about female
athletes was only 5.2% of the total number of
sports articles appearing in six British national daily
newspapers (The Guardian, The Independent, The
Mirror, The Mail, The Express, The Telegraph)
between 1 and 14 July 1994 and that the number of
articles had decreased by 5.2% from during the same
period in 1984. This decrease was apparent even
though female participation rates in the Olympics
had increased by 7% and overall activity levels for
females had increased by 3% in the same period.
Matheson and Biscomb (1997: IASI 10th Scientific
Congress, Paris) found that the nature of reporting
and describing male and female sports between 1984
and 1994 had changed so that reporting of female
athletes was more performance based. While this
change could be said to be a positive move for female
athletes as the articles were more likely to have
references to technique and how they were perform-
ing, it was very much related to the need for a richer
use of language for male sports due to the increase in
coverage afforded to male athletes. Continuation of
this research in 2004 reveals an even greater shift and
emphasis towards reporting male sports and athletes.
Male percentage of coverage rose from 80.7% in
1984 to 87.1% in 2004, while female coverage
declined from 19.3% to 12.9% in the same period.
Chi-square analysis of results (P5 0.01, w2¼
335.97) provides support for newspapers maintain-
ing a hegemonic stance in reporting, with males as
the dominant group. Further exploration of the data
revealed that female athletes were more likely to
receive equitable sports coverage for international
events, although males still dominate prominent
locations within sports pages. The main findings
point to the fact that, despite the 1990s being
declared a cultural watershed era for female athletes
(Vincent et al., 2002: International Review for the
Sociology of Sport, 37, 319 – 335), this study has
shown that newspaper sports coverage remains
associated with traditional female sports and that
the cultural politics of sports journalism mediate our
understandings of social issues and legitimize the
current gender order (Rowe, 1999: Sport, culture and
the media: The unruly trinity. Milton Keynes: Open
University Press).
Does exercising influence students’ daily
performance?
J. McKenna1, V. Blackburn1, & J. Coulson2
1Leeds Metropolitan University and 2University of
Bristol, UK
Recent work with sedentary employees suggested
that acute responses of exercising during the working
day positively influence subjective estimates of work
performance (McKenna & Coulson, 2005: Medicine
and Science in Sports and Exercise, 37, S323).
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However, these acute effects have not previously
been explored in students whose daily activities are
likely to differ from those of employees. The purpose
of this study was to explore exercise effects on
student estimates of work performance.
The study was given institutional ethical approval.
Forty-nine students (31 females, 18 males) who
exercised regularly during their time on campus using
on-site facilities were recruited from a single university.
In a randomized cross-over design, volunteers self-
assessed their academic performance on two days: an
exercise day and a non-exercise day. Ease of manag-
ing ‘‘time’’, ‘‘mental-interpersonal’’, and ‘‘output’’
demands was reported at the end of each day using a
7-point scale (1¼ ‘‘difficult 80 – 100% of the time’’,
7¼ ‘‘easy 80 – 100% of the time’’). This was based on
the Work Limitations Questionnaire (Lerner et al.,
2001: Medical Care, 39, 72 – 85). Self-selected exercise
intensity, duration, and type were recorded in an
exercise day diary. The 3.4 days between returning
questionnaires suggests independent completion.
Both diaries were completed by the 49 students.
They had a mean age of 20.8 years (s¼ 2.9) and most
(81.7%) were in ‘‘good’’ or ‘‘excellent’’ health. The
main option for exercising was in free-form modes or
in formal classes lasting 46(þ) min (77.5%).
Differences in performance (non-exercise day vs.
exercise day) were examined using paired t-tests.
Mean (s) estimates of managing demands were
consistently highest on exercise days for mental-
interpersonal (range 5 – 35), 26.36 (5.20) versus
30.85 (5.81), t¼ 4.22, P5 0.001 and output (range
3 – 21), 5.96 (1.57) versus 6.73 (1.99), t¼ 2.50,
P5 0.05, but not time (range 2 – 14), 8.77 (4.97)
versus 10.00 (2.54), t¼ 1.49, non-significant. Differ-
ences were independent of the order of completing
questionnaires, different daily workloads, or specifics
of exercising (all P4 0.01).
The study replicates previous findings (McKenna &
Coulson, 2005), showing the relevance of acute exercise
effects to improving students’ estimates of their
performance based on self-selected exercise duration,
mode and intensity. These results confirm the
important work performance benefits attributable to
self-selected exercising during students’ daily lives.
Focus groups within a randomized
cross-over trial of exercising to influence
work performance
J. McKenna1, J. Coulson2, & M. Field2
1Leeds Metropolitan University and 2University of
Bristol, UK
Employers are encouraged to promote exercise at
work (Department of Health, 2005: Health, work and
well-being. London: DoH). Yet, despite considerable
evidence of the employee benefits of work-based
exercising, it remains unclear how using company
exercise facilities contributes to outcomes of specific
interest to employers. This was the purpose of the
present study.
Institutional ethical approval was granted for a
mixed-methods study – a randomized controlled
trial with cross-over plus focus groups. The rando-
mized controlled trial showed that self-reported work
performance was consistently higher among 81
employees who exercised at work versus days when
they did not (McKenna & Coulson, 2005: Medicine
and Science in Sports and Exercise, 37, S323). We
concentrate here on the focus group study.
Through the randomized controlled trial, focus
groups were refined (Morgan, 1993: Successful focus
groups. Newbury Park, CA: Sage) to explore direct
and indirect influences of work-based exercising on
work performance. Discussions were audio tape-
recorded with resulting data reduced and rebuilt via
inductive, thematic analysis to triangulate the out-
comes of the randomized controlled trial. Data
analysis was undertaken independently by two
researchers, with agreed themes presented here.
Three one-hour focus groups were conducted
across the randomized controlled trial workplaces.
All participants (n¼ 17) exercised regularly during
the workday. Focus group analysis identified 17 core
constructs. Fourteen were associated with perfor-
mance benefits including better short-term mood,
concentration, and interpersonal relationships. Two
themes dominated the positive outcomes: ‘‘toler-
ance’’ and ‘‘resilience’’. Changes in exercise mode or
duration produced few performance differences,
whereas exercising ‘‘cleared minds’’, improved
problem-solving abilities, and offered a chance to
interact with important but less accessible work
colleagues. After exercising, participants developed a
‘‘calmer’’ and ‘‘more tolerant attitude’’ towards work
generally and more specifically towards mistakes.
Exercise achievements helped to build resilience to
work stressors and reinforced a short-term sense of
personal and collective achievement. Negative fea-
tures included missing lunch, guilt over being away
from the desk, and negative judgements from
colleagues. Only intensive exercise (and only
unpredictably) was linked to afternoon tiredness.
Consistent with the randomized controlled trial
findings, focus groups highlighted that exercising at
work is associated with a range of short-term, mood-
related, and dispositional effects. Furthermore,
performance is centrally linked to the subjective
work experience. Exercising led to important
individual and collective outcomes, including
improved morale, job satisfaction, and collabora-
tion, which profit both employees and employers.
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The findings underline how work-based exercising
influences performance at work.
Does exercising at work influence
work performance?
J. McKenna1, J. Coulson2, & M. Field2
1Leeds Metropolitan University and 2University of
Bristol, UK
Given that subjective estimates of the workplace
contribute to job satisfaction (1996: Workplace
health, edited by Kerr, Griffiths, & Cox. London:
Taylor & Francis) and that regular exercise is
associated with numerous subjective mental health
benefits (Biddle et al., 2000: Physical activity and
psychological well-being. London: Routledge), it is
surprising that the relationship of on-site exercising
and work performance has not been fully explored.
Importantly, studies are needed that address the
problem of ‘‘ecological validity’’ (Yeung, 1996:
Journal of Psychosomatic Research, 40, 123 – 141),
otherwise research can be unrepresentative of actual
exercise experiences. The purpose of this study was
to investigate work performance in response to self-
selected work-based exercise.
Entry criteria were (a) office workers who (b)
exercised regularly during work days using on-site
facilities. They were recruited from a single worksite
with 2500þ employees. In a randomized cross-over
design, volunteers self-assessed their work perfor-
mance on 2 days: an exercise day and a non-
exercise day. Ease of managing ‘‘time’’, ‘‘mental-
interpersonal’’, and ‘‘output’’ demands was reported
at the end of each working day using a 7-point scale
(1¼‘‘difficult 80 – 100% of the time’’, 7¼ ‘‘easy 80 –
100% of the time’’), based on the Work Limitations
Questionnaire (Lerner et al., 2001: Medical Care, 39,
72 – 85). Exercise intensity, duration, and type were
recorded in an exercise day diary. Questionnaires
were returned an average of 3.6 days apart.
Diaries were completed by 120 (68% return rate)
white-collar employees (88 females, 73.3%), with a
mean age of 38.1 years (s¼ 10.3). Most rated their
work as ‘‘mainly’’ or ‘‘highly’’ sedentary (81.7%) and
were in ‘‘good’’ or ‘‘excellent’’ health (72.5%).
Lunch-time classes lasting 31 – 60 min (77.5%) were
the most common form of work-based exercise.
Differences in work performance (non-exercise day
vs. exercise day; Table I) were examined using paired
t-tests, with estimates consistently highest on ex-
ercise days. Differences were independent of the
order of completing questionnaires, different daily
workloads, or specifics of exercising (all P4 0.01).
More than 7 in 10 participants reported at least one
work performance increment.
The study expands upon previous findings
(McKenna & Coulson, 2005), providing ecologically
valid results that confirm the important work
performance benefits attributable to self-selected
exercising during the working day.
Physical activity and inactivity among
adult Kuwaitis
H. R. Mohammed1 & R. H. Tayeh2
1University of Kuwait, Kuwait and 2University of
Nebraska, USA
Lack of physical activity is an important factor in
health-related fitness and increases the risk of disease
and early death (US Department of Health and
Human WHAT, 1996). Physical inactivity has
become a serious problem in developed countries
and it is also recognized that people find it difficult to
find time to exercise (Salvatore et al., 2002: The
Pfizer Journal, 1 – 36).
Kuwaiti adolescences have been shown to be
overweight and obese, as expressed by the body
mass index (BMI; Al-Isa, 2004: European Journal of
Clinical Nutrition, 58, 1273 – 1277). The amounts of
overweight and obesity among young people in
Kuwait (aged 10 – 14 years) were found to be higher
than in Canadian adolescents of a similar age. In
addition, the BMI of Kuwaiti adolescent tends to be
higher than that of their American counterparts. The
aim of this study was to assess the physical activity,
self-beliefs, weight, and self-perceived health status
of young Kuwaiti adults.
A cross-sectional survey was administered to a
convenience sample of 1010 adults in Kuwait City
(376 males, 634 females) aged over 20 years in the
fall of 2004 (mean age 27.1 years, s¼ 8.1). Partici-
pants answered 43 survey questions pertaining to
physical activity, weight, and self-perceived health
status.
Physical activity was defined as at least 30 min of
continuous physical activity daily or ‘‘moderate
intensity’’. The prevalence of adult physical
inactivity was 87.1%. High rates of overweight
(BMI4 25 kg m72; 66.3% males and 69.0%
females) and obesity (BMI4 30 kg m72; 16.9%
Table I. Performance subscale scores under different conditions
(mean+ s).
Managing demands
in . . . (range)
Non-exercise
day Exercise day P-value
Time (2 – 14) 8.96+3.55 11.78+2.65 50.001
Mental-interpersonal
(5 – 35)
26.06+5.60 31.22+3.27 50.001
Output (3 – 21) 13.88+4.69 18.00+2.63 50.001
342 Abstracts
D
o
w
n
lo
ad
ed
 B
y:
 [
De
ak
in
 U
ni
ve
rs
it
y]
 A
t:
 0
0:
45
 3
 S
ep
te
mb
er
 2
00
9
males and 19.4% females) were observed. A low rate
of underweight (BMI5 18.5 kg m72; 6.1% males
and 8.4% females) was noted. Males reported higher
self-perceived health status, smoking, and educa-
tional attainment. There was a positive belief towards
physical activity among those who regularly take part
in physical activity (t¼ 1.18, P5 0.05). Physical
inactivity, overweight, and physical health status
were prominent correlates of physical inactivity
(r¼ 0.124, P5 0.05). There are serious weight
issues among Kuwaiti adults. Future research should
focus on the relationship between self-perceived
overweight and physical inactivity behaviour.
Political bias in Muay Thai and
its consequences
T. Myers1 & N. Balmer2
1Newman College of Higher Education and 2Liverpool
John Moores University, UK
Bias as a consequence of judges’ affiliation has been
identified in a range of sports and continues to create
controversy in international competition. Recently,
significant nationalistic bias has been identified in
Muay Thai judging (Myers et al., in press: Journal of
Sport Science and Medicine), though due to the large
proportion of neutral judges used its impact on the
outcome of fights was limited. However, the authors
reported concern that should a wider affiliation bias
be evident, outcomes may be influenced as the
proportion of non-neutral judges increases. The aims
of this study were to determine whether political bias
exists in judges’ scores in Muay Thai, and if so,
whether this bias impacts upon the outcome of fights.
Data were collected on judges’ scorecards from the
2003 International Federation of Muay Thai
Amateur (IFMA) World Championships in Almaty,
Kazakhstan. The data consisted of tournament
results from 70 bouts involving 62 competitors from
19 countries, judged by 25 judges from 16 countries.
Data were analysed at the level of individual judge’s
scores for each bout using multi-level modelling
(Goldstein, 2003: Multilevel statistical models, 3rd
edn. London: Arnold). Scores were fitted as normal
response variables in a simple two-level model with
scores (level 1) nested within bouts (level 2). We
assessed whether political affiliation resulted in more
favourable scores awarded to boxers with the same
affiliation. Boxers and judges were grouped into
post-Soviet Asian block countries, post-Soviet Eur-
opean countries, Commonwealth countries, and
Scandinavian countries, with all other counties
non-affiliated.
The results suggested that judges sharing an
affiliation with a red corner boxer score, on average,
0.7 points more in favour of the red corner
than neutral judges and 1.1 points more than
judges with a shared affiliation with the opposing
blue corner boxer [final model: deviance (72*log
likelihood)¼ 1908.34, model if affiliation term is
removed: deviance¼1914.63]. While the outcomes
of bouts differ when the results of judges affiliated
to boxers from the red corner and blue corner
are examined separately, the overall outcomes of
bouts are not altered by political bias. This
suggests that although political bias exists in Muay
Thai, the policy of using a high number of neutral
judges dilutes this bias enough to negate any
influence on the overall outcome of bouts. The
approach of using a large number of neural
judges may be a useful strategy in other subjectively
judged sports.
Evaluation of ‘‘Funfit Club’’: A structured
children’s physical activity programme
K. O’Sullivan, A. Anderson, & A. Kirk
University of Dundee, UK
Children should accumulate at least 300 min of
moderate physical activity per week. A significant
proportion of children do not meet these guidelines
(Cavill et al., 2001: Pediatric Exercise Science, 13, 12 –
25). The primary aim of this study was to investigate
the effect of ‘‘Funfit Club’’ on physical activity levels
of participating children. Our secondary aims were to
examine the relationship between parents’ and
children’s physical activity, assess the influence of
parental support on children’s physical activity, and
explore the perceived benefits and barriers to
physical activity.
Ten children (6 females, 4 males; mean age 7.8
years, s¼ 1.1) and one of their parents (6 females, 4
males; mean age 36.7 years, s¼ 4.3) participated in
the study. Physical activity levels were measured
using a uni-axial accelerometer for three continuous
weeks with children (one week before, during, and
after ‘‘Funfit Club’’) and for one week with parents
(no intervention). Established accelerometer cut-off
points were used to determine time spent in
sedentary, light, moderate, and vigorous intensity
physical activity (Puyau et al., 2002: Obesity Research,
10, 150 – 157). Parents completed the Parental Belief
Questionnaire (Anderson, 2005: Medicine and Science
in Sports and Exercise, 37, S290 – S291). Separate
focus groups with parents and children were
conducted to explore perceived benefits and barriers
to physical activity. Statistical analysis included
repeated-measures analysis of variance and Pearson’s
correlations. Ethical approval was obtained before
the study began.
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During week 1, the children participated for a
mean of 150.1 min (s¼ 75.9) in moderate to
vigorous physical activity. This increased to a mean
of 270.9 min (s¼ 106.8) during week 2 (P¼ 0.001),
but returned to a mean of 150.3 min (s¼ 83.4)
during week 3. There was no significant correlation
between parents’ and children’s physical activity
levels (r¼ 0.39, P¼ 0.3). No significant correlations
were recorded between children’s physical activity
levels and any subscale of the Parental Belief
Questionnaire (r¼ 0.02 – 0.59, P4 0.05). A signifi-
cant correlation was recorded between parents’
physical activity levels and the perceived importance
of physical activity subscale (r¼ 0.76, P¼ 0.01).
Reported benefits to physical activity were: having
energy, feeling happy, being healthy, and improved
cognitive functioning. Barriers included safety and
weather conditions, limited opportunities for girls,
and social norms.
These findings provide important information
for the development of effective physical activity
promotion interventions for children in the UK.
Effect of 14 and 28 days of b-alanine
supplementation on isometric endurance
of the knee extensors
J. Ponte1, R. C. Harris1, C. A. Hill1, C. Sale1,
G. A. Jones1, H. J. Kim2, & J. A. Wise3
1University of Chichester, UK, 2Korea National
Sport University, Korea and 3Natural Alternatives
International, USA
Muscle carnosine is a highly effective physiological
buffer (Tanokura et al., 1976: Biopolymers, 15,
393 – 401) and is one of only a few pH-active
compounds for which the concentration can be
modified by diet and training. Synthesis occurs
within muscle and is limited by b-alanine avail-
ability (Harris et al., in press: Amino Acids). We
have shown that b-alanine supplementation for 4
and 10 weeks increases muscle carnosine concen-
tration by *60 and *80% respectively (Hill et al.,
in press: Amino Acids). Evidence from our laboratory
(unpublished) indicates that uptake of b-alanine
into muscle is enhanced by co-administration with
simple sugars. The purpose was to investigate,
in two independent double-blind randomized
studies, the effect of supplementing 6.4 g day71
b-alanine for 28 days and 14 days [the latter co-
supplemented with carbohydrate] on isometric
exercise endurance times of the knee extensors at
45 – 50% maximum voluntary contraction (MVC)
(45 – 50% MVC coincides with peak intramuscular
lactate accumulation).
In the first study, 14 males (mean age 22.9 years,
s¼ 5.9; body mass 80.2 kg, s¼ 10.5) received either
800 mg b-alanine (CarnosynTM, NAI, USA) 8 times
a day for 28 days (n¼ 8) or matching placebo
(maltodextrin) capsules (n¼ 6). In the second study,
20 males (mean age 25.3 years, s¼ 7.5; body mass
78.0 kg, s¼ 10.2) received either 1600 mg of b-
alanine four times a day for 14 days (n¼ 8) or
matching placebo (n¼ 12). Each dose was ingested
with 45 – 65 g carbohydrate, predominantly glucose.
In both studies, endurance time and impulse
(kN  s71) were measured before and after
supplementation.
In the first study, the mean MVCs of the
experimental and control participants were 754 N
(s¼ 54) and 720 N (s¼ 91), respectively. Mean
endurance times before and after supplementation
were 75.5 s (s¼ 6.8) and 83.7 s (s¼ 7.8) for the
experimental group, and 74.6 s (s¼ 6.5) and 72.6 s
(s¼ 7.8) for the control group, respectively. The
mean 9.3 s (s¼ 3.8) gain (þ11.1%) with b-alanine
supplementation was significant (P5 0.05) com-
pared with the change for the control group. Mean
impulse changed by þ3.37 kN  s71 (s¼ 1.24) and
70.59 kN  s71 (s¼ 0.68) for the experimental
and control group, respectively (P5 0.05). In the
second study, the mean MVC of the experimental
and control participants were 685 N (s¼ 38) and
653 N (s¼ 51), respectively. Mean endurance times
before and after supplementation were 70.0 s
(s¼ 5.3) and 78.0 s (s¼ 3.3) for the experimental
group, and 74.5 s (s¼ 4.1) and 73.8 s (s¼ 3.5) for
the control group, respectively. The mean 8.0 s
(s¼ 3.2) gain (þ14.4%) with b-alanine supplementa-
tion was significant (P5 0.05) compared with the
change in the control group. Mean impulse changed
by þ2.67 kN  s71 (s¼ 1.10) and 70.14 kN  s71
(s¼ 0.45) for the experimental and control groups
respectively (P5 0.05).
We conclude that 28 days of b-alanine supple-
mentation, and 14 days of b-alanine supplementa-
tion co-ingested with carbohydrate, resulted in
similar (þ11.1% and þ14.4%) and significant gains
in isometric endurance.
Development of a culturally appropriate
analogy for implicit motor learning
J. Poolton, R. Masters, & J. Maxwell
The University of Hong Kong, Hong Kong
Analogies are often used as a learning aid during the
acquisition of a motor skill. The analogy behaves as a
biomechanical metaphor that guides the learner
towards the fundamental technical rules underlying
the movement, and has been shown to encourage
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motor control that has characteristics of implicit
processing – specifically, working memory indepen-
dence, limited accumulation of verbalizable knowl-
edge (Liao & Masters, 2001: Journal of Sport Sciences,
19, 307 – 319), and robustness to psychological stress
(Law et al., 2003: Journal of Sport and Exercise
Psychology, 25, 484 – 500). These advantages dissi-
pate, however, if the heuristic that underpins the
analogy conveys abstractions that are inappropriate
to the indigenous culture. We utilized the right-
angled triangle analogy to instruct the topspin
forehand in table tennis. The analogy has been
validated in a western population by Liao and
Masters, but we found that the analogy was not an
effective instruction tool in the Chinese population.
The aim of the present experiment was to remodel
the analogy to accommodate abstractions appropri-
ate for Chinese learners.
After receiving ethical approval, we asked
novice Chinese participants (n¼ 24) to learn to hit
a table tennis topspin forehand, in a 400 trial learning
phase, using either a culturally appropriate
analogy (analogy learning) or a set of six instructions
(explicit learning). Following learning, participants
completed a 40 trial retention test followed by a
40 trial transfer test, and a further 40 trial retention
test. The transfer test assessed working memory
dependence by loading working memory with an
additional cognitive task (counting backward in
sevens), while participants concurrently performed
the motor task. As an evaluation of the amount
of verbalizable knowledge accumulated during
learning, participants completed written recall
protocols in which they reported movements and
techniques that they had used to execute the
movement.
In the learning phase, only an effect of block
(F6.67,173.41¼ 11, P5 0.001, Z2¼ 0.30) was evident.
The two groups appeared to acquire the motor skill
at a similar rate during the 400 learning trials. In the
retention-transfer-retention phase, a group6block
interaction (F1.57, 40.87¼ 5.7, P5 0.05, Z2¼ 0.18)
indicated that the two groups performed differently.
Post-hoc analysis showed that analogy learners’
performance remained robust across the test phase,
whereas the performance of explicit learners broke
down in the transfer test (P5 0.05). Furthermore,
participants in the analogy group reported signifi-
cantly less task-relevant knowledge (t26¼74.01,
P5 0.001).
Analogy learning confers motor processing that is
not reliant on explicit support from working mem-
ory. As a result, motor performance is robust. These
findings are consistent with those of Liao and
Masters and indicate that a culturally relevant
analogy can bring about implicit motor learning in
a Chinese population.
Risk of the female athlete triad and nutritional
knowledge of female endurance athletes
P. Raymond-Barker, E. Quested, & A. Petroczi
Kingston University, UK
The interrelated symptoms of disordered eating,
amenorrhoea, and osteoporosis are known as the
female athlete triad (Otis et al., 1997: Medicine and
Science in Sports and Exercise, 29, 1669 – 1771) and
inadequate nutrition is often considered to be the
initiating cause. To date, research examining the role
of nutritional knowledge in the development of the
triad has been equivocal, and the relationship
between nutritional knowledge and disordered eating
largely neglected. The purpose of this study was to
assess ‘‘at-risk behaviour’’ of the female athlete triad
among endurance athletes and examine its relation-
ship with levels of nutritional knowledge.
After receiving institutional ethics approval, 48
regional athletes (mean age 37.0 years, s¼ 8.0; body
mass 58.9 kg, s¼ 6.8 kg) and 32 randomly selected
untrained controls (mean age 31.7 years, s¼ 8.5;
body mass 67.6 kg, s¼ 8.5) completed the General
Nutritional Knowledge Questionnaire (Parmenter
& Wardle, 1999: European Journal of Clinical
Nutrition, 53, 298 – 308), the EAT-26 (Garner
et al., 1982: Psychology Medicine, 12, 871 – 878),
and measures of training/physical activity, menstrual
history, and skeletal injury history. Participants were
classified into risk categories for each triad compo-
nent. Athletes were compared with controls
using independent t-tests and the Mann-Whitney
U-test for parametric and non-parametric data
respectively.
Nutritional knowledge scores of athletes were
higher than those of controls (P5 0.01). A higher
percentage of athletes were classified ‘‘at risk’’ of
menstrual dysfunction than controls (P¼ 0.012).
There were no differences between athletes and
controls in eating attitudes (P¼ 0.055) or bone mass
density (P¼ 0.134). No relationships were observed
between nutritional knowledge and EAT-26 scores
(P¼ 0.298) or menstrual dysfunction (P¼ 0.983).
No difference in mean nutritional knowledge scores
were found between athletes ‘‘at risk’’ and ‘‘not at
risk’’ (P¼ 0.902).
The findings indicate that athletes exhibit higher
nutritional knowledge than controls yet experience
more symptomatic behaviour of the triad. This study
supports the suggestion that athletes can use
increased nutritional knowledge to manipulate diet
with negative health impacts (Perron & Endres,
1985: Journal of the American Dietetic Association, 85,
573 – 576). This possibility is exemplified in the case
of one athlete classified as being at ‘high risk’ for
all three triad components yet with an elevated
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nutritional knowledge score (81%), 4.2% higher than
the group mean (76.8%).
Results support theories that cognitive dietary
restraint influences development of the triad. How-
ever, the findings indicate that nutritional knowledge
alone is not accountable for symptomatic behaviour
associated with the triad. Further exploration of
cognitive dietary restraint and increased education
for athletes regarding the health implications of
behaviours associated with the triad is warranted.
Boys’ and girls’ physical activity levels during
school playtime
N. D. Ridgers & G. Stratton
Liverpool John Moores University, UK
Playtime is a non-curriculum school context where
children can engage in daily physical activity. The
importance of playtime in providing physical activity
opportunities for boys and girls has been espoused
(Ridgers et al., 2006: Sports Medicine, 36, 359 – 371).
The aim of this study was to investigate the physical
activity levels of boys and girls during playtime across
a school week.
Fifty-one children (24 boys, 27 girls) aged 5 – 10
years from two schools participated in the study,
which was approved by the university ethics com-
mittee. The children’s physical activity during school
playtime was measured using a uni-axial acceler-
ometer, with the epoch length set at 5 s. The
children wore the monitors for 5 consecutive days
in the school spring term. The percentage of time
spent engaged in moderate-to-vigorous physical
activity and vigorous physical activity during play-
time was calculated using existing thresholds
(Nilsson et al., 2002: Pediatric Exercise Science, 14,
87 – 96). Repeated-measures analysis of variance
(with day as the repeated measure) was used to
investigate differences in boys’ and girls’ playtime
physical activity levels across 5 consecutive days.
Boys (mean 30.8%, s¼ 12.0) engaged in significantly
more moderate-to-vigorous physical activity (P¼
0.001) during playtime than girls (mean 21.1%,
s¼ 9.0). Boys and girls engaged in 24 and 16.5 min of
moderate-to-vigorous physical activity during playtime
respectively. The day main effect (P¼ 0.214) and the
day6gender interaction (P¼ 0.331) were not signifi-
cant for moderate-to-vigorous physical activity. Boys
(mean 6.9%, s¼ 5.5) engaged in significantly more
vigorous physical activity (P¼ 0.045) during playtime
than girls (mean 4.7%, s¼ 3.5). Boys and girls engaged
in 5.5 and 3.5 min of vigorous physical activity during
playtime respectively. The day main effect (P¼ 0.312)
and the day6gender interaction (P¼ 0.153) were not
significant. Boys’ playtime moderate-to-vigorous
physical activity and vigorous physical activity were
higher than those of girls across the 5 consecutive days.
The results suggest that boys consistently engage
in higher moderate-to-vigorous physical activity and
vigorous physical activity during primary school
playtime than girls. On average, boys accumulated
38 (s¼ 7.8) and 9 (s¼ 3.5) min more moderate-to-
vigorous physical activity and vigorous physical
activity respectively than girls during playtime across
the school week. Playtime provides daily opportu-
nities to engage in physically active behaviours,
though the findings suggest that boys take more
advantage of these opportunities than girls to engage
in moderate-to-vigorous physical activity and vigor-
ous physical activity. If playtime is to be used as a
context to promote health-enhancing physical activ-
ity to school age children, interventions may be
needed for girls to increase physical activity levels
during this school context.
A survey of the influence of an aerobic sport
programme on quality of life among
non-athletic menopausal women
G. Reza, S. Bhar, F. Nazem, & Z. Pouraghaei
University of Bu-Ali Sina, Iran
Quality of life is used an index to evaluate people’s
health (Testa & Simonoson, 1996: New England
Journal of Medicine, 334, 835 – 840). The American
Council of Exercise has declared that aerobic
exercise and physical activity can affect the control
and improvement of menopausal symptoms such as
hot flushes, perspiration during the night, feelings of
fatigue, depression, improvement of sexual attrac-
tion, stress and sleeplessness, amnesia, and physical
power. The main aim of this research is to examine
the effect of a regular exercise programme on the
quality of life of non-athletic menopausal women.
Sixty menopausal women aged 48 – 58 years
(mean age 52 years, s¼ 0.0) were assigned at random
to an experimental group or a control group. The
experimental group undertook 12 weeks of aerobic
exercise three times per week. Participants com-
pleted the Menopause Quality Of Life Questionnaire
(MENQOL; 1996: The Medical Section of Toronto
University, Canada), which evaluates quality of life in
terms of physical, psychological, sexual, and vaso-
motor domains.
To analyse the data, an independent t-test was
used. A comparison of mean pre- and post-test
scores of the two groups showed that the quality of
life of the experimental group improved significantly
as a result of the exercise (t¼ 4.23, P¼ 0.019). The
significant improvement was related to the phy-
sical (t¼ 5.18, P¼ 0.003) and socio-psychological
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domains (t¼ 3.82, P¼ 0.0006), but not the sexual
(t¼ 0.57, P¼ 0.056) or vasomotor domains (t¼
1.31, P¼ 0.08). Thus, according to the results of
this research, the regular aerobic athletic programme
influences the quality of life of non-athletic meno-
pausal women.
The results of this research suggest that such
women can improve their quality of life by perform-
ing the aerobic exercises three times a week, for at
least 12 weeks.
The impact of online delivery and effective
timing of formative assessment on student
examination performance
M. Sellens, C. Angus, N. Billam, M. Griffin, &
J. Jones
University of Essex, UK
It has been suggested that many students distribute
their learning effort unevenly, devoting much of their
effort to last-minute preparation for assessment. This
approach is referred to as ‘‘strategic learning’’ (e.g.
Miller & Parlett, 1974: Up to the mark: A study of the
examination game. Guildford: PUBLISHER). Stu-
dents appear to have become more ‘‘strategic’’ since
the 1970s and are affected to a greater extent by the
perceived demands of the assessment system in the
way they negotiate their way through their studies
(Gibbs & Simpson, 2002: Does your assessment support
your student’s learning? Milton Keynes: Open Uni-
versity). We therefore used online learning technol-
ogy to deliver targeted formative assessments in
different time frames in an attempt to encourage a
more even distribution of learning effort in core sport
and exercise science modules.
Two first-year modules (Functional Anatomy and
Sports Psychology), taken by all sport and exercise
science undergraduates, were supported by a weekly
release of online formative assessments comprising
banks of multiple-choice questions. Students were
encouraged to use these assessments to improve their
understanding of module content. In Functional
Anatomy, the assessments were only available for a
2-week period and then removed until the final
revision week. In Sports Psychology, the assessments
were available throughout the remainder of the
module after release. Independent t-tests were used
to determine improvements in academic perfor-
mance between consecutive student cohorts in
2004 (before the introduction of the formative
assessments) and 2005 (after the introduction of
the formative assessments).
There were significant (P5 0.01) improvements
in the summative Multiple Choice Question (MCQ)
exam results at the end of both modules (Functional
Anatomy: 52+15%, n¼ 74 in 2004; 66+14%,
n¼ 85 in 2005; Sports Psychology: 59+10%,
n¼ 73 in 2004; 70+10%, n¼ 79 in 2005). Mann-
Whitney analysis revealed that there was no differ-
ence (P4 0.05) between modules in the number of
assessments completed during each 2-week period
(Functional Anatomy, 64+46 assessments com-
pleted per release; Sports Psychology, 52+40
assessments completed per release). In Functional
Anatomy, a further 432 assessments were completed
in the final revision week. In Sports Psychology,
students completed a further 798 assessments during
the remainder of the course, of which 559 (70%)
were completed in the final revision week.
These preliminary findings suggest that online
formative assessments produce improvements in
academic performance. However, students retained
a strategic learning style and appeared to be
motivated principally by the need to revise for
examinations. This suggests a surface approach to
learning. Further investigation is needed to develop
strategies to encourage a more evenly spread
engagement with the learning task, by the student,
in the hope of promoting deep rather than surface
learning (Marton & Sa¨ljo¨, 1976: British Journal of
Educational Psychology, 46, 4 – 11).
The effect of a carbohydrate mouth rinse on
cycle time trial performance
M. Sellens, A. McNulty, M. Pitts, N. Tinkler, &
T. Waldron
University of Essex, UK
Frequent rinsing of the mouth with a solution of
maltodextrin has been reported to improve time trial
performance in experienced cyclists (Carter et al.,
2004: Medicine and Science in Sports and Exercise, 36,
2107 – 2111). The authors suggested that this effect
might be due to a reduction in central fatigue
mediated by oral carbohydrate receptors. In an
attempt to cast further light on the mechanism of
this ergogenic effect, we measured blood glucose
concentration, perceived exertion, and mental fati-
gue during a simulated cycling time trial approxi-
mately 1 h in duration.
After receiving institutional ethical approval, nine
moderately well-trained males (mean age 26.2 years,
s¼ 11.0; body mass 70.8 kg, s¼ 8.8; _V O2max
60.2 ml  kg71 min71, s¼ 9.5) provided written in-
formed consent and performed three laboratory cycle
time trials on an electrically braked cycle ergometer
(Lode Excalibur). A target work output was calcu-
lated as the predicted work that would be achieved by
cycling for 1 h at 75% of maximum power output
measured during a prior incremental cycling test to
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exhaustion. After a familiarization time trial, two
subsequent time trials were performed 1 week apart
during which carbohydrate (6.4% maltodextrin) or a
placebo (0.8% gelatine) mouth rinse was adminis-
tered for 5 s at intervals of 12.5% of the target work
output. Performance was measured as time to
achieve the target work output. Blood glucose was
measured at rest and every 15 min during both trials.
Mental fatigue was assessed during the warm-up,
when 50% of the target work output had been
achieved, and during active recovery using a Badde-
ley Reasoning Task (BRT) and a Profile of Mood
States (POMS) questionnaire. Perceived exertion
was assessed using the Borg 6 – 20 scale at 25% work
output intervals.
There were no significant differences in time trial
performance, power output profile, blood glucose
concentration, perceived exertion, mood, or perfor-
mance in the BRT between carbohydrate and
placebo mouth rinse treatments (repeated-measures
t-test or analysis of variance; P4 0.05). Performance
in the BRT did not deteriorate during the trials.
However, blood glucose concentration and vigour
declined, whereas rating of perceived exertion,
confusion, and fatigue increased significantly
(P5 0.05) as the time trial progressed.
We were unable to confirm an ergogenic effect of a
carbohydrate mouth rinse on cycle time trial
performance and our results do not support the
suggestion that the ergogenic effect of carbohydrate
supplementation during exercise is partly mediated
by oral carbohydrate receptors.
Effects of sodium bicarbonate on voluntary
breath-hold times
P. W. Sheard & H. Haughey
University of Bedfordshire, UK
Oral ingestion of sodium bicarbonate has been
shown to improve performance in short-term, high-
intensity exercise. It is understood to act as a pH
buffering agent in the blood when the athlete is
functioning at an anaerobic intensity. In competitive
breath-hold diving, the anaerobic environment is
created not by intense physical activity, but through
the voluntary inducement of apnoea. This study was
undertaken to determine if orally ingested sodium
bicarbonate would act as an ergogenic agent in this
unique sporting population.
After receiving local ethics committee approval,
eight non-elite breath-hold divers aged 20 – 41 years
(mean age 26.8 years, s¼ 7.8) undertook two bouts
of three monitored, facial-immersion breath-holds,
1 week apart. Participants were allocated to counter-
balanced sessions of ingesting a placebo (8 g NaCl)
or experimental (0.3 g  kg71 NaHCO3) solution.
Oxygen saturation (SPO2) was monitored (LifePulse
LP28, HME Ltd., England) at the right index finger
throughout the trials and pre- and post-breath-hold
expired gases were recorded by a breath-by-breath
gas analyser (SensorMedics, VMAX 29C, USA).
Maximum breath-hold times were established
during the third breath-hold in both trials. Mean
maximum breath-hold times of 145.7 s (s¼ 21.4)
and 168.2 s (s¼ 20.7) were recorded for the
placebo and experimental conditions, respectively
[P¼ 0.019; 95% confidence interval (CI)¼ 4.9 to
40.0 s]. While there was no difference in post-breath-
hold expired oxygen and carbon dioxide (P¼ 0.932;
95% CI¼72.3 to 2.2%; and P¼ 0.641; 95% CI¼
70.7 to 1.1%, respectively), the lowest recorded
SPO2 did differ (P¼ 0.008; 95% CI¼73.3 to
713.0%) in the placebo and experimental trials.
The lack of difference between expired gas
concentrations between the two conditions is best
explained by the activation of the mammalian diving
response maintaining alveolar oxygen saturations, as
estimated from expired gas readings, to preserve
heart-lung-brain function (Lindholm et al., 1999:
Journal of Applied Physiology, 87, 2122 – 2127). The
reduction in peripheral SPO2 following the ingestion
of sodium bicarbonate suggests that the mammalian
diving response also acted to shunt peripheral blood
to the alveolar capillaries where it was deoxygenated
for preferential use in heart-lung-brain function
(Heistad et al., 1968: Journal of Applied Physiology,
25, 542 – 549).
It is apparent that ingestion of sodium bicarbonate
before facially immersed breath-holds has an ergo-
genic effect, prolonging maximum breath-hold times
by *8.6%.
Effects of expertise on the table-tennis forehand
A. M. Sheppard & F.-X. Li
University of Birmingham, UK
Experts’ and novices’ table-tennis forehand drives
have been investigated by Bootsma and Van
Wieringen (1990: Journal of Experimental Psychology:
Human Perception and Performance, 16, 21 – 29) and
Bootsma et al. (1991: Research Quarterly for Exercise
and Sport, 62, 276 – 284) respectively, but no direct
comparison of movement variability pattern has been
made. Scott et al. (1997: Journal of Sports Sciences, 15,
597 – 605) showed that, in the long jump run-up,
novices display the same pattern of foot-placement
variability as experts, though with greater magnitude.
It was hypothesized that this is an example of
more general behaviour – that is, that experts and
novices share similar modes of control, but experts’
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performance is less variable. This study aimed to
quantitatively compare the kinematics, particularly
the variability, for expert and novice forehand drives
performed with differing speed/accuracy emphases.
Twelve expert (mean age 21.7 years, s¼ 2.9) and
12 novice (mean age 22.2 years, s¼ 5.6) participants
performed drives for high speed, accuracy, or a
combination of high speed and accuracy. The bat
kinematics were recorded in three dimensions with a
Vicon motion analysis system at 100 Hz. Bat speed,
acceleration, direction of travel, and orientation were
calculated, together with the variability of these
measures. Ethical approval was obtained from the
school’s safety and ethics subcommittee.
Performance was qualitatively similar for both
groups and across all speed/accuracy conditions.
Repeated-measures analyses of variance (expertise6
condition6time) showed that the critical kinematics
for subsequent ball flight decreased in variability in
the approach to contact [bat speed: F1.9,40.7¼ 43.8;
horizontal direction: F2.7,59.3¼ 52.6; vertical
direction: F2.3,50.6¼ 38.2; horizontal orientation:
F1.7,37.9¼ 17.8; vertical orientation: F1.6,34.1¼ 57.1;
all P5 0.01, effect sizes (Z2) from 0.45 to 0.72], with
minimum variability at contact. The expertise6time
interaction effect was not significant for any of the
critical variables (maximum F¼ 1.4, all P4 0.20,
maximum Z2¼ 0.06). Experts utilized higher bat
speeds (F1,22¼ 10.1, P5 0.01, Z2¼ 0.32) and more
downward oriented bat faces (F1,22¼ 40.1, P5 0.01,
Z2¼ 0.65) than novices. An analysis of covariance
performed on trial by trial data revealed that experts
still selected significantly more downward oriented
bat faces when controlling for bat speed
(F1,1388¼ 247.2, P5 0.01, Z2¼ 0.15).
The expertise-independent pattern of decreasing
variability in the approach to contact is interpreted as
evidence of a common control mode. However, the
differences in vertical bat orientation suggest quali-
tative expertise-related differences in the preferred
movement. In conclusion, expert and novice table-
tennis players exhibit similar patterns of variability,
though experts prefer slightly different absolute
kinematics, possibly to generate topspin.
The effectiveness of pedometer-based
interventions to increase physical activity
in the adult population: A review
C. Hutton1, F. Bull1, K. Buxton1, N. Cavill2, &
C. Foster2
1Loughborough University and 2University of Oxford,
UK
Key government documents advocate the use of
pedometers as a method to motivate increased
physical activity (Department of Health, 2004a:
CMO Report: At least five a week. London: DoH;
Department of Health, 2004b: Choosing health:
Making healthy choices easier. London: HMSO).
However, the effectiveness of pedometers to moti-
vate increased participation in physical activity is
unknown. This review examines the evidence for
the effectiveness of pedometer-based interventions
in increasing physical activity among adult
populations.
A systematic literature review sought studies that
examined the effectiveness of pedometer-based
interventions to increase physical activity within the
adult population. Using specific search terms, six
databases (Medline, Pubmed, Embase, Cinahl,
PsychInfo, and Sports Discuss) were searched from
1990 to June 2005. To identify further literature,
reference lists were checked and authors of some
papers were contacted. Relevant studies were
included if an aim of the study was to examine the
effectiveness of pedometer-based interventions to
increase physical activity, the study population was
adults, and a main outcome variable was a measure
of physical activity or physical fitness. Data were
extracted regarding intervention characteristics,
study design, and results. Data were examined using
narrative synthesis. The evidence was assessed over
four different time frames: immediate term (less than
6 weeks), short term (6 to 12 weeks), longer term
(12 weeks to 1 year), and the very long term (over
1 year).
Thirteen studies met the inclusion criteria; four
randomized controlled trials, one cross-over con-
trolled trial, one comparison controlled trial, and
seven before and after studies. Twelve of these
studies were conducted in the USA and one in
Australia. Eight of the studies were community-
based interventions and one involved a combination
of community- and home-based activities. Two were
based in a workplace setting, one was mail-based,
and one was a telephone-based intervention. All
studies used pedometers in at least one arm of the
intervention, but differed in details of the interven-
tion and the characteristics of the target groups. Four
studies showed positive results in the immediate-
term and six studies showed positive results in the
short-term.
The evidence from four randomized controlled
trials is unclear. The evidence from the remain-
ing body of evidence suggests some positive
changes in physical activity in the immediate and
short term, but it is unclear in the longer term,
and no studies provide evidence in the very long
term. There is a clear need for more well-
designed studies testing the effectiveness of pedo-
meters as an intervention tool for increasing physical
activity.
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Playtime physical activity and its relation to
peak oxygen uptake in children aged 8 – 9 years
M. R. Stone1, G. Stratton1, L. Foweather1,
S. J. Fairclough1, A. M. Batterham2,
D. Richardson1, & N. D. Ridgers1
1Liverpool John Moores University and 2University of
Teesside, UK
Positive relationships between daily physical activity
and peak oxygen uptake ( _V O2peak) have been
reported in children (Dencker et al., 2006: European
Journal of Applied Physiology, 96, 587 – 592). No
study, however, has examined _V O2peak and physical
activity in a confined situation such as playtime.
Playtime is increasingly recognized as an ideal setting
to promote children’s physical activity (Ridgers et al.,
2005: Preventive Medicine, 41, 102 – 107). The
purpose of this study was to explore the relationship
between playtime physical activity and _V O2peak.
After receiving institutional ethics approval, 47
children (16 males, 31 females; mean age 9.1 years,
s¼ 4.0) volunteered to participate in the study.
Physical activity was monitored during morning
and lunch playtimes on 2 days using accelerometry
(MTI Health Services ActiGraph, Florida, USA).
Epoch intervals were set to 5 s. Percent of playtime
spent in moderate-, high-, and very high-intensity
physical activity was determined using preset thresh-
olds of 163 – 479, 480 – 789, and 4790 respectively
(Nilsson et al., 2002: Pediatric Exercise Science, 14,
87 – 96). Total health-promoting physical activity
was determined as the sum of moderate-, high-,
and very high-intensity physical activity. Results
shown are the mean of both days’ physical activity.
Peak oxygen uptake was measured on a separate day.
All children completed a discontinuous, incremental
treadmill test to exhaustion. Expired air was analysed
using indirect calorimetry (Jaeger Oxycon Pro,
Hoechberg, Germany). Descriptive data were calcu-
lated for playtime physical activity and _V O2peak and
their relationship analysed using Pearson’s product –
moment correlations.
The mean percentages of playtime spent in
moderate-, high-, very high-intensity, and total
health-promoting physical activity were 21.38% (s¼
6.78), 4.74% (s¼ 2.56), 2.70% (s¼ 2.83), and
28.79% (s¼ 9.39) respectively. Mean _V O2peak was
40.46 ml  kg71 min71 (s¼ 8.92). Correlation coef-
ficients revealed relationships between _V O2peak and
all physical activity intensities [moderate (r¼ 0.288;
P¼ 0.05), high (r¼ 0.342; P¼ 0.02), very high
(r¼ 0.347; P¼ 0.01), total health-promoting physical
activity (r¼ 0.412; P¼ 0.004)]. This suggests that
_V O2peak is positively related to playtime physical
activity, and the strength of this relationship increases
linearly with the intensity of physical activity.
In conclusion, children who engage in more
moderate-, high-, and very high-intensity physical
activity during playtime have greater aerobic fitness
than their less active counterparts. Future research
should explore the causality of the relationship
between playtime physical activity intensities and
_V O2peak.
Backward locomotion training: Implications
for sport performance
E. Terblanche, R. E. Venter, & J. Kroff
University of Stellenbosch, South Africa
Backward walk/run exercises have been suggested for
the rehabilitation of overuse running injuries and
knee joint pathology. However, researchers have also
speculated about the possible effects of backward
exercises in sport conditioning programmes. Pre-
vious research has shown that backward walking and
running require increased metabolic cost and cardi-
opulmonary demand compared with forward walking
and running at the same speed (Flynn et al., 1994:
Medicine and Science in Sports and Exercise, 26, 89 –
94). The effects of a backward locomotion training
programme has not, however, been quantified
before. We investigated three of the apparent
advantages of backward locomotion training com-
pared with forward training, namely the effect on
body composition and cardiorespiratory fitness in
young women, as well as the effect on speed and
agility in netball players.
In the first study, 26 healthy, habitually active
women completed 18 training sessions over 6 weeks.
They were divided into two groups, one of which
(experimental group) followed a backward training
programme and the other (control group) a forward
training programme, with the aim to improve aerobic
capacity. The following outcome variables were
measured before and after the intervention: body
mass, skinfold thicknesses, and aerobic fitness (20-m
shuttle run test). In the second study, 17 first league
club level netball players were also divided into two
groups (backward vs. forward). They completed 18
training sessions with the aim of improving netball-
specific speed and agility. The following tests were
conducted: 505-agility test, agility-T, agility ladder,
20-m sprint test, and vertical jump.
In the first study, a 6-week backward locomotion
training programme resulted in a 2.4% decrease in
percentage body fat, a 19.7% decrease in skinfold
thicknesses, and a 5.2% increase in aerobic fitness,
all of which were significantly different from the
results of the forward training group. In the second
study, it was shown that netball-specific drills done
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backwards lead to significant improvements in the
agility of players, but there were no significant
differences in the speed and vertical jump height
between the backward and forward training groups.
Collectively, findings lend support to the notion
that the high metabolic cost of backward locomotion
can translate to significant improvements in aerobic
fitness and body composition, which is likely to be
more than can be expected from a traditional forward
training programme. Furthermore, team sport
players can include sport-specific backward drills in
their conditioning programmes not only to provide
variety, but also to improve their ability to move
quickly in various directions.
Young people’s attitudes towards
physical education
L. Woodfield1, Y. Al-Nakeeb1, & A. Nevill2
1Newman College of Higher Education and 2University
of Wolverhampton, UK
Participation in any form of physical activity is
voluntary and previous work has explored the topic
of attitudes and their relation to participation
(Biddle & Mutrie, 2001: Psychology of physical activity.
London: Routledge). Research indicates that boys
hold more positive attitudes towards physical educa-
tion than girls (Shropshire et al., 1997: European
Journal of Physical Education, 2, 23 – 38) and that
cultural differences may affect attitudes towards
physical education and sport (Figueroa, 1993: In
Equality, education and physical education, edited by
J. Evans. London: Falmer Press). The aim of this
study was to examine the attitudes of young Britons
towards physical education according to school year,
gender, and ethnicity.
After receiving institutional ethics approval, 394
children (134 boys, 260 girls) from school years 7, 8,
and 9 (mean age 12.9 years, s¼ 0.8) were categorized
into three broad ethnic groups (black, white, and
Asian) based upon the ethnic categories people
assigned themselves to in the 1991 Census. Partici-
pants completed the 23-item Pre-Adolescent Atti-
tude Towards Physical Education Questionnaire
(PAAPEQ; Shropshire & Loumidis, 1996: In Quality
and quantity: Research methods in sport and exercise
psychology, edited by C. Robson, B. Cripps, &
H. Steinberg. Leicester: British Psychological So-
ciety). The questionnaire measures total attitude
towards physical education in five categories
(General Interest, Environmental Adjustment, PE
Teacher, Assessment, and Organizational Choice).
The results of a multivariate analysis of vari-
ance revealed a significant year6gender6ethnicity
interaction (F20,376¼ 1.9, P¼ 0.013). Attitudes of
black males became more positive as they moved
through school, whereas the attitudes of other
groups followed an age-related decline. Significant
main effects were found according to school year
(F10,376¼ 2.4, P¼ 0.007) and ethnicity (F10,376¼
2.2, P¼ 0.015). Attitude towards physical educa-
tion became less favourable with school year. Asian
pupils had more positive overall attitudes than
white and black pupils but univariate analysis
revealed that Asian pupils had a less positive attitude
towards their PE teacher (P¼ 0.011). Findings lend
support to the idea that cultural differences may
influence attitudes towards physical education. No
differences were found between boys and girls;
however, significant multivariate interactions suggest
that among multi-cultural populations, gender dif-
ferences in attitudes towards physical education are
complex.
The findings of the current study could be used to
target interventions to address the age-related
decline in young people’s attitudes towards physical
education, specifically acknowledging the needs of
the different ethnic groups.
PART VII: SPORT PERFORMANCE
Activity profiles of elite rugby league players
K. Barker & M. Gray
Leeds Metropolitan University, UK
Involvement in professional rugby league competi-
tion requires intermittent bouts of complex high-
intensity movements interspersed with periods of
low-intensity activity (Brewer & Davis, 1995:
Sports Medicine, 20, 129 – 135). Authors such as
Meir et al. (1993: Strength and Conditioning Coach, 1,
24 – 29) have used time – motion methods to exam-
ine the activity of players in positional groups,
evidencing variance between props, hookers, and
outside backs.
After receiving institutional ethics approval, nine
players from three positional groups (props, n¼ 5;
hookers, n¼ 2; full backs, n¼ 2) in the same Super
League team were monitored over six matches.
Uniquely, individuals were tracked for the complete
duration of two matches using a digital camcorder
situated on a viewing gantry above the half-way line.
Video footage was then coded, with the sequence
and duration of player activity in game sub-maximal
intensity categories (standing, walking/shuffling, sub-
maximal running) and game maximal intensity
categories (running with the ball, sprinting, contact
events) recorded.
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The maximal:sub-maximal intensity exercise ratios
for positional groups (props 1:7.7, hookers 1:7.0, full
backs 1:9.3) illustrate that hookers spend the greatest
proportion of playing time performing maximal
intensity exercise, with full backs spending a greater
proportion of time in sub-maximal activity, allowing
improved recovery between maximal intensity bouts
of variable duration.
Table I shows the percentage of total playing time
spent in sub-maximal activity and in each category of
maximal intensity exercise. Key differences in the
types of maximal intensity exercise between posi-
tional groups include hookers running with the ball
for a greater percentage of playing time than full
backs and props. Full backs are involved in sprinting
without the ball for a greater percentage of playing
time than hookers and props. Props are also involved
in contact events for a greater percentage of playing
time than hookers and full backs.
These initial findings represent a valuable con-
temporary characterization of the activity profiles of
props, hookers, and full backs in elite rugby league
competition and will be of interest to elite level
coaches and conditioners.
Trait-anxiety, sport-confidence, and
psychological skills among club cricketers
S. Barney & Andrew M. Lane
University of Wolverhampton, UK
The assessment and development of psychological
skills is of interest to applied sport psychologists. The
present study investigated the relationship between
trait-anxiety, sport-confidence, and psychological
skills.
After receiving ethical approval, 53 male club
cricketers aged 16 – 52 years (mean age 28.1 years,
s¼ 11.0) volunteered to participate in the study. The
Test of Performance Strategies (TOPS) (Thomas
et al., 1999: Journal of Sports Sciences, 17, 697 – 711)
was used to assess psychological skills. The TOPS is
a 64-item self-report instrument designed to measure
the psychological skills and strategies used by athletes
in competition and during practice. Nine subscales
measure specific strategies, including activation,
automaticity, emotional control, goal setting, ima-
gery, relaxation, self-talk, attentional control, and
negative thinking. Participants respond to 64 items
on a 5-point Likert scale indicating the extent to
which they use each strategy. Trait-anxiety was
assessed using the Sports Competitive Anxiety Test
(SCAT: Martens, 1977: Competition anxiety test.
Champaign, IL: Human Kinetics) and the Trait
Sport-Confidence Inventory (TSCI: Vealey, 1986:
Journal of Sport Psychology, 8, 221 – 246) was used to
measure trait sport-confidence.
Correlational results indicated that sport-
confidence during competition was positively asso-
ciated with self-talk (r¼ 0.40, P5 0.05), imagery
(r¼ 0.45, P5 0.05), activation (r¼ 0.43, P5 0.05),
relaxation (r¼ 0.23, P5 0.05), and goal setting
(r¼ 0.57, P5 0.05) strategies. Furthermore, sport-
confidence was inversely related to negative thinking
(r¼70.23, P5 0.05) and emotional control (r¼
70.46, P5 0.05). During practice, sport-confidence
was positively associated with self-talk (r¼ 0.50,
P5 0.05), goal setting (r¼ 0.44, P5 0.05), and
imagery (r¼ 0.39, P5 0.05). Trait-anxiety was posi-
tively associated with emotional control (r¼ 0.31,
P5 0.05), goal setting (r¼ 0.23, P5 0.05), and
imagery (r¼ 0.24, P5 0.05). Furthermore, trait-
anxiety was inversely related to automaticity (r¼
70.35, P5 0.05) and relaxation (r¼70.45,
P5 0.05). During practice, trait-anxiety was posi-
tively associated with activation (r¼ 0.20, P5 0.05)
and goal setting (r¼ 0.24, P5 0.05), and inversely
related to automaticity (r¼70.29, P5 0.05).
Results suggest that psychological skills can be
related to both sport-confidence and trait-anxiety.
Athletes high in sport-confidence use more psycho-
logical skills than those high in trait-anxiety, and
are also more proficient at using psychological
skills. Sport-confident athletes are able to incorpo-
rate psychological skills into both competition and
practice. Future research should investigate the
effectiveness of applied sports psychology interven-
tions designed to enhance sport-confidence.
The effect of exercise intensity on plasma
acylated ghrelin
D. R. Broom & D. J. Stensel
Loughborough University, UK
Ghrelin is an appetite-stimulating hormone secreted
from the stomach and duodenum. Total ghrelin is
unaffected by acute exercise (Kraemer et al., 2004:
Experimental Biology and Medicine, 229, 240 – 246)
Table I. Percentage of playing time in sub-maximal and specific
maximal categories (mean+ s).
Movement category
Props
(n¼ 5)
Hookers
(n¼ 2)
Full backs
(n¼ 2)
Sub-maximal activity 88.5+ 0.9 87.6+ 1.0 90.3+0.2
Maximal intensity exercise
Running with the ball 0.6+ 0.1 2.3+ 0.7 1.4+0.6
Sprinting without
the ball
1.9+ 0.4 2.7+ 0.2 5.8+0.1
Contact events 9.0+ 1.1 7.4+ 0.5 2.5+0.8
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but ghrelin exists in acylated (active) and de-acylated
(inactive) forms. We have found that acylated ghrelin
is suppressed during prolonged, high-intensity run-
ning and this coincides with suppressed feelings of
‘‘hunger’’ (unpublished observations) assessed using a
visual scale (Flint et al., 2000: International Journal of
Obesity, 24, 38 – 48). This association suggests that
suppression of hunger during exercise may be
mediated by acylated ghrelin. The aims of this study
were to (1) confirm that high-intensity exercise
suppresses acylated ghrelin and (2) examine the
influence of low-intensity exercise on acylated ghrelin.
After receiving institutional ethical approval, nine
males [mean age 21.4 years, s¼ 1.7; body mass index
24.5 kg m72, s¼ 2.4; maximal oxygen uptake
( _V O2max) 58.2 ml  kg71 min71, s¼ 1.6] participated
in three trials (high intensity, low intensity, and control)
in a random cross-over design with an interval of at least
7 days between trials. Trials began in the morning after
an overnight fast. Diet and physical activity were
standardized before all trials.
The participants ran for 36.4 min (s¼ 4.8) at
75.0% (s¼ 4.4) of _V O2max on the high-intensity trial
and for 54.9 min (s¼ 7.3) at 50.5% (s¼ 4.9) of
_V O2max on the low-intensity trial. Exercise energy
expenditure did not differ between trials: 2504 kJ
(s¼ 165) versus 2580 kJ (s¼ 152) on the high- and
low-intensity trial respectively (P¼ 0.376). Partici-
pants rested on the control trial. Each trial lasted 4 h
and the runs were performed at the start of this
period. Venous blood samples were taken before,
during, and after exercise for the determination of
plasma acylated ghrelin concentration (enzyme
immunoassay, SPI BIO, France).
Acylated ghrelin responses differed over time
between trials (two-way analysis of variance, trial6time
interaction, P50.005). At 0.5 h, plasma acylated
ghrelin was lower on the high-intensity (mean
43 pg ml71, s¼ 32) than on the low-intensity (mean
59 pg ml71, s¼ 27) and control (mean 63 pg ml71,
s¼ 28) trials (P¼ 0.07 after Bonferroni adjustment for
high intensity versus control).
These results confirm that high-intensity running
suppresses acylated ghrelin but there was no corre-
sponding suppression of hunger. Acylated ghrelin
was not suppressed during low-intensity running.
Sequences of cognitive processes
in golf-putting: Comparative analysis
across skill level
L. Calmeiro & G. Tenenbaum
Florida State University, USA
To capture the essential cognitive and emotional
processes during competitive events, ecologically
valid methods, such as Ericsson and Simon’s
(1993: Protocol analysis: Verbal report as data.
Cambridge, MA: MIT Press) verbal protocols,
must be employed. Coping and self-regulations are
behaviours that can be detected through ‘‘thought
expression’’ and represent cognitive processes
elicited through verbal protocols during competi-
tion. In this study, we examine the feasibility of
concurrent verbal protocols to capture cognitive
processes in on-going sport tasks. In addition,
we also introduce the Discussion Analysis Tool
(DAT; Jeong, 2003: American Journal of Distance
Education, 17, 25 – 43) as an innovative method of
mapping the thought sequences of players varying in
skill level.
After receiving ethical approval, seven golfers
(three advanced players and four beginners) per-
formed 40 trials of 12-feet putts, 20 while thinking
aloud (verbalization condition) and 20 in a silent
condition. Participants alternated location of the
putt and experimental condition every five putts,
and performance was measured as shot error – that
is, the average distance between ball and cup
after the stroke. There were no significant differ-
ences in performance between the verbalization and
silent conditions at the group level (mean ranks¼
4.20 and 3.50, respectively; Z¼70.1.18, P¼ 0.24),
but a considerable variability was observed among
players. Verbalizations were collected through
means of a talk-aloud procedure, and recordings
were transcribed verbatim for categorization of
thoughts. Thought sequences were mapped using
DAT.
Transitional state diagrams of thought sequences
indicated that advanced players’ cognitive processes
revolved around gathering information and planning,
while beginners focused on technical aspects of the
motor performance. While at the beginning of the
task advanced players were more likely to engage
and spend more time in planning and gathering
information, novices were more likely to engage
their cognitive resources in technical instruction
or gathering information, which, in turn, was
followed by technical instruction-related thoughts.
Beginners were found to have more limited diagnos-
ing capabilities than advanced players, as the latter
utilize this information to improve planning.
Advanced players showed a pattern of thought
sequences that represents more availability of cogni-
tive resources for task performance. In contrast to
beginners, advanced players’ execution phase was
clearly connected to the planning phase. The
innovative methods used for recording, analysing,
and interpreting on-line thoughts of performers may
shed light on self-regulatory and coping mechanisms,
which have implications for both research and
practice.
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The psychological effects of sports massage
between bouts of exercise
A. L. Carter
Durham University, UK
The physiological benefits of sports massage are
equivocal (Ernst, 1998: British Journal of Sports
Medicine, 32, 212 – 214). However, anecdotal evi-
dence suggests that there are psychological benefits
associated with sports massage (Hemmings, 2001:
Physical Therapy in Sport, 2, 165 – 170). The aim of
this study was to determine whether sports massage
affected perception of recovery and subsequent
exercise performance.
After receiving institutional ethics approval, 18
university rowers (11 males, 7 females; mean age
20.5 years, s¼ 1.5; body mass 78.3 kg, s¼ 9.2)
completed two 5-km ergo trials, rate-capped at 24
strokes per minute, spaced 1 h apart. The control
group (4 males, 4 females) had 60 min passive rest
between trials, while the intervention group (7 males,
3 females) received 20 min passive rest, 20 min
standardized sports massage, and 20 min passive
rest. All participants completed the Perceived
Recovery Questionnaire (Hemmings et al., 2000:
British Journal of Sports Medicine, 34, 109 – 114) and
the Exercise-Induced Feeling Inventory (EFI; Gau-
vin & Rejeski, 1993: Journal of Sport and Exercise
Psychology, 15, 403 – 423) immediately before and
after each trial. Overall 5-km time and rating of
perceived exertion were recorded for each trial.
Repeated-measures factorial analyses of variance
were used to examine changes in 5-km performance
between the trials and perceived recovery and EFI
scores between groups. Student’s t-tests were per-
formed on ratings of perceived exertion after each
trial and between groups.
The 5-km times between groups over the two trials
were not significantly different (P¼ 0.326). There
were no significant differences (P¼ 0.223) in EFI
scores between groups over the study. Members of
the intervention group showed no significant differ-
ence in perceived recovery between the two pre-trial
measures (P¼ 0.131), indicating that perceptions of
recovery were similar to baseline after the interven-
tion and before the second trial. This was not the
case for the control group, for whom perceptions of
recovery were all significantly lower (P at least
0.038) than at baseline. Ratings of perceived
exertion increased significantly for the control group
from the first to second trial (P¼ 0.008), with the
increase being significantly greater (P¼ 0.017) than
that of the intervention group.
Our results show that sports massage did not have
a significant effect on performance. However, they
do suggest that massage can elevate perceptions of
recovery to pre-exercise levels and prevent a sig-
nificant increase in the perception of exertion in
subsequent exercise.
Changes in knee extensor strength 8 and 24 h
after two types of endurance exercise
A. Clansey, P. Jones, K. Marrin, & T. Bampouras
Edge Hill University, UK
Residual fatigue from prior endurance training has
been proposed as a factor that compromises strength
gains during concurrent strength and endurance
training. Previous research has found that the total
volume of strength training is compromised up to
8 h after both high-intensity interval and continuous
submaximal aerobic training in moderately trained
individuals (Sporer & Wenger, 2003: Journal of
Strength and Conditioning Research, 17, 638 – 644).
The purpose of this study was to determine the
effects on strength 8 and 24 h after high-intensity
interval and continuous submaximal endurance
training in well-trained distance runners.
After receiving institutional ethical approval, six
well-trained male distance runners (mean age 28.7
years, s¼ 7.2; body mass 71.4 kg, s¼ 7.2; height
1.85 m, s¼ 0.07; _V O2max 67.1 ml  kg71 min71,
s¼ 8.4) performed isokinetic leg extension strength
tests on an isokinetic dynamometer before, immedi-
ately after, and 8 and 24 h after two types of
endurance exercise. The high-intensity interval ses-
sion consisted of 862 min running with 1 min
recovery at 95 – 100% maximal oxygen uptake
( _V O2max), while the continuous submaximal session
involved a 36-min run at 70% _V O2max. Heart rate
training zones were determined 1 week before testing
using an incremental protocol to exhaustion. Iso-
kinetic peak torque was determined at two con-
tractile speeds (1.05 and 3.14 rad  s71). The
participants completed a control session in which
no exercise was performed between pre- and post-leg
extension strength measures. The three conditions
were performed in a counterbalanced order 1 week
apart. Peak torque at each contractile speed was
compared using a 364 (exercise condition6time
point) repeated-measures factorial analysis of
variance.
We observed no significant differences in peak
knee extensor torque between each time point in
each condition at 1.05 rad  s71 (F2,039¼ 2.093, P¼
0.173) and 3.14 rad  s71 (F2,253¼ 1.305, P¼ 0.313),
supporting previous research (Go´mez et al., 2002:
Journal of Strength and Conditioning Research, 16,
184 – 191). Thus strength was not compromised 8
and 24 h after either training session.
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The results suggest that strength training can be
performed 8 h after endurance training in well-
trained distance runners, regardless of type and
intensity of endurance exercise. Future research
needs to focus on the effects on strength within 8 h
of endurance training to further propose an optimum
recovery period for a variety of endurance training
sessions.
Career phases and changing lives:
Exploring the cost of excellence in women’s
professional golf
K. Douglas1 & D. Carless2
1University of Bristol and 2Leeds Metropolitan
University, UK
Researchers have identified several phases of career
progression among elite sportspeople that can help
coaches, educators, and sport scientists to maximize
athletes’ potential through identifying phase-
appropriate training and offering appropriate perso-
nal support. Despite the positive implications of this
understanding in terms both of well-being and
performance, little research has been conducted into
the career phases of women in professional sport.
Using the sport phase model (Coˆte´ & Hay, 2002:
In Psychological foundations of sport, edited by
J. M. Silva & D. Stevens (Eds.). Boston, MA:
Merrill) as an initial theoretical framework, we
explored the effects of professional sport across the
careers of women professional golfers.
The participants were eight women professional
tournament golfers who between them had won over
100 tournaments, including the US Open, British
Open, European Open, and European Masters
Championships. After receiving institutional ethical
approval, we conducted in-depth, semi-structured
interviews in 2001, 2003, and 2005 to gain insight
into changes that occurred as players progressed
through their career. The interviews were transcribed
verbatim before a content analysis and a structural
analysis were carried out to explore relationships
between emergent themes and categories.
We identified six career phases that build upon
and develop previous research: initiation, ownership,
consolidation and progression, turning professional,
persisting in professional golf, and transition from
professional sport. We traced the changing nature of
motivation and the effects of persistence across these
career phases with particular attention to three
issues: (i) how, although family are often the main
socializing agent and play a crucial role in developing
excellence and providing support, family relation-
ships can often become a source of tension as players
move through their career; (ii) the ways in which
some women sacrifice personal well-being (through
self-harm, bullying, social isolation, loneliness, emo-
tional trauma, and depression) in the pursuit of
excellence; and (iii) how players’ need for agency
develops through their career. The results suggest a
need for phase-specific initiatives in women’s golf –
including psychological support, counselling, semi-
nars, and workshops – to help female golfers manage
the demands of elite professional sport throughout
their career.
Flight phases in race walkers occur at race
walking speeds above the speed at the lactate
threshold
A. Drake1, R. James1, V. Cox1, R. Godfrey2, &
S. Brooks1
1Coventry University and 2Brunel University, UK
Race walkers must adhere to the rules of the
International Association of Athletics Federation.
They must avoid visible (to the human eye) loss of
ground contact and ensure that the advancing leg is
straight from the moment of first ground contact
until the vertical upright position. Hagberg and
Coyle (1983: Medicine and Science in Sports and
Exercise, 15, 287 – 289) found that speed at the
lactate threshold was highly correlated with race walk
performance. De Angelis and Menchinelli (1992:
International Symposium of Biomechanics in Sports,
edited by R. Rodano. Milan: Edi-Ermes) identified
that loss of ground contact was common, but flight
phases of 540 ms were not detected subjectively by
race walking judges. The purpose of this study was to
examine the relationship between the lactate thresh-
old and flight phases in race walkers.
After receiving university ethics committee ap-
proval, 25 athletes from the UK Athletics National
Race Walking Squad (17 males: mean age 25 years,
s¼ 9; 8 females, mean age 26 years, s¼ 8) partici-
pated in the study. Participants completed between
six and nine 4-min stages of race walking on a
motorized treadmill (Powerjog, UK), set at a 1%
gradient. Each stage increased 0.5 km  h71, from
2.0 km  h71 below their current 10-km race speed.
At the end of each stage, the participants placed their
feet either side of the treadmill belt for*30 s while a
*20-ml ear lobe blood sample was collected for
determination of blood lactate concentration. Speed
at the lactate threshold was identified as that
immediately preceding an increase in blood lactate
by 1.0 mmol  l71 or more above baseline. Flight
times were calculated from analysis of sagittal view
digital video recordings made during each treadmill
increment using a Panasonic video camera (NV-
DS37B) recording at 50 Hz. Correlations between
Abstracts 355
D
o
w
n
lo
ad
ed
 B
y:
 [
De
ak
in
 U
ni
ve
rs
it
y]
 A
t:
 0
0:
45
 3
 S
ep
te
mb
er
 2
00
9
variables were calculated using the Pearson pro-
duct – moment correlation coefficient (r).
Flight phases were apparent in all athletes race
walking above 10.0 km  h71 and increased with
increasing treadmill speed (males: r¼ 0.97, P5
0.01; females: r¼ 0.99, P5 0.01). However, flight
times 440 ms only occurred above the lactate
threshold when the data were expressed relative to
the lactate threshold (males: mean speed at lactate
threshold 12.7 km  h71, s¼ 1.1; females: mean speed
at lactate threshold 11.6 km  h71, s¼ 0.4), suggest-
ing that training aimed at reducing flight times and
increasing speed at the lactate threshold may allow
race walkers to walk faster without being disqualified.
Profile of aerobic and anaerobic capacity
of junior and senior elite ice hockey players
T. Gabrys1, S. Gabrys1, S. Arkadiusz2, & K. Marek3
1Academy of Physical Education, Warsaw, Poland,
2Academy of Physical Education, Katowice, Poland
and 3Centre de Kinesitherapie, Luxembourg
The aim of this study was to assess the magnitude and
the direction of changes in aerobic and anaerobic
capacity among young (age 16 – 25 years) ice hockey
players as a result of a change in training workload.
The participants performed an incremental exercise
test on a cycle ergometer to determine maximal
oxygen uptake ( _V O2max), which reflected their aerobic
capacity. Aerobic capacity was defined as the peak
power and total work obtained during a Wingate test.
We hypothesized a reduction in aerobic capacity and
an increase in anaerobic power and capacity because of
an increase in anaerobic training loads.
The participants were members of the Polish
national ice hockey teams divided into four age
groups: under 16 years (U-16; n¼ 27; mean age 15.3
years, s¼ 0.2; height 1.74 m, s¼ 0.04; body mass
67.5 kg, s¼ 3.9), under 18 years (U-18; n¼ 26;
mean age 17.1 years, s¼ 0.3; height 1.80 m, s¼ 0.05;
body mass 73.2 kg, s¼ 5.9), under 20 years (U-20;
n¼ 27; mean age 19.3 years, s¼ 0.2; height 1.82 m,
s¼ 0.05; body mass 79.4 kg, s¼ 5.9), and seniors
(n¼ 26; mean age 24.8 years, s¼ 3.1; height 1.82 m,
s¼ 0.05; body mass 85.7 kg, s¼ 7.5).
Aerobic capacity [ _V O2max and minute ventilation
(VE)] and maximal blood lactate concentration
during the post-exercise period (LAmax1) were
assessed using the maximal continuous cycloergo-
metric test following the BASES protocol for athletes
(Bird & Davison, 1997: Physiological testing guidelines.
Leeds: BASES). Anaerobic parameters [peak power,
total work, time to peak power, and maximal blood
lactate concentration observed after the Wingate test
(LAmax2)] were tested using the Wingate anaerobic
test (Bar-Or, 1987: Sports Medicine, 4, 381 – 394).
The workload was chosen on an individual basis, as
described by Winter et al. (1993: Journal of Sports
Sciences, 9, 3 – 13). At the end of the test, blood
lactate was analysed (Kit LKM 140, Dr Lange
Diagnostic, Germany).
The study was approved by the Bioethical Com-
mittee, Medical University of Silesia, Katowice,
Poland. The results are presented in Table I.
Statistical analysis of the aerobic tests revealed
significant decreases in _V O2max and minute ventila-
tion in the U-18 compared with the U-16 ( t¼ 2.323,
P5 0.05; t¼ 2.396, P5 0.05, respectively), and in
the U-20 compared with the U-18 (t¼ 2.312,
P5 0.05; t¼ 2.198, P5 0.05, respectively). Thus,
with increasing age, _V O2max and minute ventilation
decreased. There were significant increases in peak
power (t¼ 2.097, P5 0.05), total work (t¼ 2.212,
P5 0.05), and LAmax2 (t¼ 2.279, P5 0.05), and a
significant reduction in time to peak power
(t¼ 2.321, P5 0.05), between the U-16 and U-18.
However, there was a significant increase in peak
power only in the U-20 compared with the U18
Table I. Results of the aerobic and anaerobic (Wingate) tests (mean+ s).
Aerobic test Wingate test
Team
_V O2max
(ml  kg71 
min71) VE (litres) RQ
LAmax1
(mmol  l71)
Peak power
(W  kg71)
Total work
(J  kg71)
Time to
peak
power (s)
LAmax2
(mmol  l71)
U-16 mean 63.29 163.9 1.18 9.53 12.04 300.9 4.35 15.48
s 5.83 13.30 0.02 1.11 0.94 19.9 0.84 2.19
U-18 mean 59.98 150.1 1.19 14.3 12.52 311.1 3.91 16.41
s 5.37 30.55 0.03 1.83 0.71 13.7 0.79 2.26
U-20 mean 57.57 154.0 1.21 14.5 13.29 312.5 3.72 16.15
s 5.17 29.62 0.40 1.75 0.91 19.9 0.71 2.95
Seniors mean 56.9 143.6 1.23 14.9 13.74 318.9 3.46 15.46
s 5.5 25.59 0.40 1.66 0.87 19.32 0.51 283
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(t¼ 2.111, P5 0.01). No significant differences were
observed in either aerobic (t¼ 1.346, P4 0.05) or
anaerobic capacity between the U-20 and seniors.
The results of this study show that a long-term,
short-interval training programme performed by ice-
hockey players improves their anaerobic capacity.
The changes in mean peak power, total work, and
LAmax2 observed in young and senior ice-hockey
player suggest some adaptations in skeletal muscle to
improve anaerobic metabolism during excessive
energy expenditure. That short-interval sprint train-
ing had little or no effect on the cardiovascular
system and that we observed a decrease in _V O2max
during training indicate that the decrease in oxidative
enzyme activity in skeletal muscle may be responsible
for the changes in _V O2max seen in this study. Similar
findings were reported by Smith et al. (1982:
Canadian Journal Applied Sport Sciences, 7, 142 –
146) and Heller et al. (1999: Movement and heath.
Olomouc: University Palacky).
Vertical displacement of the centre of gravity
during treadmill walking
T. Gabrys1, R. Staszkiewicz2, M. Ozimek2, &
U. Szmatlan-Gabrys1
1Academy of Physical Education, Warsaw and
2Academy of Physical Education, Krakow, Poland
Human locomotion involves the smooth advance of
the body through space using the least energy
expenditure (Waters et al., 1999: Gait and Posture,
9, 207 – 231). Walkers strive to reduce the vertical
and transverse oscillations of the total centre of
gravity (Neptune et al., 2004: Journal of Biomechanics,
37, 817 – 825). The aim of this study was to assess
the vertical displacement of the centre of gravity
during treadmill walking.
The study was approved by the Bioethical Com-
mittee, Medical University of Silesia, Katowice,
Poland. The research was carried out using the
Vicon 250 system. Fifteen young females (mean age
21 years, s¼ 0.5) were recruited. They walked at
speeds of of 4, 5, and 6 km  h71. At all speeds,
women walked at their natural step frequency (n) and
at frequencies higher (n þ 5%, n þ 10%) and lower
(n75%, n710%) than their natural frequency.
Twenty gait cycles were registered. Simultaneously,
heart rate was measured.
The natural step frequency (n) during walking was
109 steps min71 (speed of gait 4 km  h71), 114
steps min71 (5 km  h71), and 122 steps min71
(6 km  h71). The vertical oscillations of the centre
of gravity increased as velocity of gait increased. The
vertical displacement of the centre of gravity during
treadmill walking was 24 mm (4 km  h71) and
41 mm (6 km  h71) at the participants’ natural step
frequency. Relative to height, the vertical displace-
ment of the centre of gravity during treadmill walking
was 1.39 – 2.4%. The minimum vertical displace-
ment of the centre of gravity during treadmill walking
was noted for each speed (4, 5, and 6 km  h71) at the
highest step frequency (nþ10%). The absolute value
of the vertical displacement of the centre of gravity
was 20, 32, and 34 mm (relative values¼ 1.17%,
1.85%, and 1.97%, respectively). Maximum vertical
displacement of the centre of gravity was observed
during the gait with the lowest step frequency. At the
fastest gait, it was equal to 53 mm (3.07%). The
lowest heart rates were noted during gait at the
participants’ natural step frequency. When the speed
was 4 km  h71, heart rate was 103 beats min71
(heart rate increased to 119 beats min71 when the
speed increased to 6 km  h71).
People choose a particular step frequency to
minimize energy expenditure (Danion et al., 2003:
Gait and Posture, 18, 69 – 77). The results indicate
that the most ‘‘expensive’’ is the fastest gait realized
with the lowest step frequency. Although maxi-
mum step frequency is conductive to the reduction
of the vertical displacement of the centre of gravity
during treadmill walking, the energy expenditure is
higher than in natural conditions (n). Practical
implications of the results are that the energetic
expenditure of locomotion cannot be estimated only
on the basis of vertical oscillations of the centre of
gravity.
A comparison of block and traditional
periodization plans for junior male sprinters
S. Galloway & L. Webster
University of Wolverhampton, UK
Periodization has been analysed in many sports, but
there is an apparent lack of research focusing on
athletics (Cissik, 2005: The Coach, 30, 37 – 42). This
study investigates traditional periodization and block
periodization training methods and their effective-
ness in training junior male sprinters.
Traditional periodization is the amalgamation of
training phases that an athlete undertakes throughout
their training year. These phases include the general
preparation phase, specific preparation phase, com-
petition phase, and transition/regeneration phase
(Bompa, 1999: Periodization. Champaign, IL:
Human Kinetics). Block periodization uses two
main blocks for organizing training: an accumulation
block that focuses on high volume and a restitution
block that focuses on strength to power conversion.
Other differences between the two training con-
cepts include specific training means, successive
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contiguous methods, and long-term delayed training
effect (Verkhoshansky, 1999: New Studies in Athletics,
2, 47 – 55).
The participants were 20 junior male sprinters who
had represented their county (mean age 14.6 years,
s¼ 0.5). The participants were randomly assigned to
one of two 6-week training programmes. One
programme focused on the classical periodization
model and the other on the block periodization
model. The dependant variables were 30-m sprint
and 60-m sprint. Results were analysed using two-
way repeated-measures analysis of variance. The
results suggest that block periodization produced
significantly faster sprint times throughout most of
the training programme (see Table I).
The results of the present study provide some
support to the use of block periodization methods for
junior male sprinters. These results support the
findings of Vilianni and Gesule (2003: Communica-
tion to the 8th Annual Congress of European College
of Sport Science, Austria) who found that the block
periodized programme was more efficient for shoot
boxers. This could be attributed to the successive
contiguous method (Verkhoshansky, 1999). Future
research should analyse both periodized programmes
over the course of an entire competitive season.
Small-sided games and soccer-specific
endurance performance
C. Hancox & J. Smith
University of Wolverhampton, UK
Soccer is characterized by high-intensity intermittent
activity and places heavy demands on the aerobic
pathways (Reilly & White, 2005: In Science and
football V, edited by T. Reilly et al. London:
Routledge). It has been suggested that small-sided
games can provide an alternative method of aerobic
training to more traditional, and less motivating,
interval running (Sassi et al., 2005: In Science and
football V, edited by T. Reilly et al. London:
Routledge). The aim of this study was to investigate
the effect of a 4-week intervention of small-sided
games on soccer-specific endurance performance.
After receiving institutional ethical approval, 12
further-education college academy soccer players
(mean age 17.0 years, s¼ 0.9), who were hetero-
geneous in skill and ability, completed the Yo-Yo
intermittent endurance test, level 2. Aziz et al. (2005:
Journal of Sports Science and Medicine, 4, 105 – 112)
suggested that the Yo-Yo test may be a more suitable
method of assessing soccer players’ intermittent
endurance than both measured _V O2max values and
performance on the continuous 20-m multistage
shuttle run test. The participants then completed a
4-week training programme incorporating small-
sided games twice a week, with each session consist-
ing of three 3 vs. 3 and one 4 vs. 4 game. The 3 vs. 3
games were 4 min in duration separated by 90 s
active rest periods, while the 4 vs. 4 games were
6 min in duration and were preceded by a 3-min
active rest period. The participants were then re-
tested using the methods described above. Heart
rates were recorded every 5 s during the Yo-Yo test
and small-sided games using heart rate monitors
(S610, Polar Electro Oy, Kempele, Finland). A
dependent t-test indicated that there was a significant
increase in the distance covered in the Yo-Yo test
after the intervention (t11¼74.33, P¼ 0.001, effect
size¼ 0.40). Mean heart rate during the small-sided
games was 181 beats min71 (s¼ 4), equating to an
average intensity of 91% of maximal heart rate.
The results indicate that small-sided games
provide the necessary stimulus to improve soccer-
specific endurance performance and offer an alter-
native to interval running. Future research should
examine the effect of small-sided games on distance
covered, percentage of movements made at high
intensity, and decrements in performance during
match-play.
The effects of body position on muscle activity
during 25-mile laboratory time-trial cycling
S. A. Jobson & S. R. George
University of Wolverhampton, UK
The force – velocity power relationships of the
muscles involved in the production of force while
Table I. Week-to-week changes in raw values (%) throughout the training programmes for sprints.
Week 1 to
week 2
Week 2 to
week 3
Week 3 to
week 4
Week 4 to
week 5
Week 5 to
week 6
Total cumulative
change
Block 30 m (s) 70.68* 70.11 0.18* 70.10* 70.17 70.88*
Traditional 30 m 70.03 70.05 0.08 0.08 70.15 70.07
Block 60 m (s) 70.34* 70.17* 70.03* 0.20 70.21* 70.49*
Traditional 60 m 70.06 0.03 0.06 0.17 0.22 70.02
*Significant differences between groups (P50.05).
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cycling are affected by changes in joint angle,
muscle length, and muscle moment arm length
(Too, 1990: Sports Medicine, 10, 286 – 302). Several
laboratory studies have identified significant physio-
logical and mechanical differences when cycling in
an upright compared with an aerodynamic body
position (e.g. Gnehm et al., 1997: Medicine and
Science in Sports and Exercise, 29, 818 – 823). How-
ever, the present authors are unaware of any
literature investigating the effect of cycling body
position on muscle activity.
After receiving institutional ethical approval,
seven male competitive time-trial cyclists (mean
peak power output 374 W, s¼ 23; _V O2max
4.27 l min71, s¼ 0.3) provided written informed
consent. All participants completed three experi-
mental sessions, the first to determine physical
characteristics (described previously by Nevill et al.,
2005: European Journal of Applied Physiology,
94, 705 – 710), and the second and third to complete
25-mile laboratory cycling time-trials in either an
aerodynamic or upright position. All exercise
tests were performed on a Kingcycle air-braked
cycle ergometer (Kingcycle Ltd., High Wycombe,
UK). Immediately before the time-trial, a 10-min
warm-up at a self-selected intensity was completed.
During the aerodynamic time-trial, cyclists adopted
the same ‘‘tuck’’ position as that used when
completing a road time-trial. In the upright time-
trial, cyclists completed the distance with hands
resting on the brake hoods. Electromyographic
output from the vastus medialis (VM), vastus
lateralis (VL), and biceps femoris (BF) was recorded
for 10 s at 5-min intervals. Root mean square (RMS)
calculations were performed to provide an indicator
of total myoelectric activity, as this positively
correlates with the number of active motor units
(Moritani et al., 1986: Journal of Applied Physiology,
60, 1179 – 1185).
A three-way analysis of variance (muscle6condi-
tion6time) with repeated measures identified no
significant difference between conditions (P4 0.05),
but a significant main effect for both muscle
(P¼ 0.005) and time (P¼ 0.003). Pairwise compar-
isons identified a significant difference between
BFRMS and VLRMS (mean 41.9 mV, s¼ 3.8 vs. mean
128.5 mV, s¼ 12.4; P5 0.001) and between BFRMS
and VMRMS (mean 41.9 mV, s¼ 3.8 vs. mean
185.1 mV, s¼ 33.8; P¼ 0.006).
These findings support previous research showing
that the knee extensors are the dominant active
muscle group in cycling. Although previous authors
have identified the physiological effects of aerody-
namic and upright cycling positions, these seem to be
neither caused by, nor affected by, alterations in
muscle activity.
Running and skill rehearsal provide better
power performance than a warm-up
incorporating static stretching
P. Jones & C. Taylor
Edge Hill University, UK
Previous research (Young & Behm, 2003: Journal of
Sports Medicine and Physical Fitness, 43, 21 – 27) has
shown that static stretching produces an acute
negative effect on vertical jump performance,
whereas submaximal running and practice jumps
produce an acute positive effect. However, whether a
run and skill rehearsal would be optimal is unclear.
Current practice involves dynamic stretching as part
of a warm-up, but little research exists to justify its
use. The aim of this study was to compare the acute
effects of running, static stretching, dynamic stretch-
ing, and practice jumps on counter-movement jump
and drop jump performance.
After receiving institutional ethical approval, eight
male sports students (mean age 20 years, s¼ 1.5;
body mass 83.7 kg, s¼ 14.1; height 1,76 m, s¼ 0.09)
performed four different warm-up protocols in a
randomized order on separate days, 1 week apart at
the same time of day. Each protocol involved 3 min of
running at 60% of the participant’s maximum heart
rate and was followed by: (1) no activity (R), three
practice counter-movement jumps and drop jumps
(PJ), static stretching and three practice counter-
movement jumps and drop jumps (SS), or dynamic
stretching and 3 practice counter-movement jumps
and drop jumps (DS). Each stretching protocol
involved equated volumes totalling 3 min of each
leg for the lower limb muscles. Subsequent counter-
movement jump height, drop jump rebound height,
Table I. Performance characteristics after each warm-up protocol (mean+ s).
Variable R PJ SS DS
CMJ height (cm) 33.45+2.29*# 33.90+ 2.77* 31.54+2.31 32.29+ 2.13
DJ rebound height (cm) 26.17+3.67*# 26.24+ 4 25.19+3.66 25.28+ 3.87
Reactive strength Index (cm  s71) 124.21+25.2 114.32+ 26.45 96.17+20.46 105.87+ 47.88
*Significantly greater than SS condition (P50.05). #Significantly greater than DS condition (P50.05). CMJ¼ counter-movement jump,
DJ¼drop jump.
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and reactive strength index (rebound height/contact
time) were measured using a Newtest (Finland)
jump mat. The latter was used as an additional
measure of reactive strength, the ability to change
quickly from an eccentric to concentric contraction.
The results (Table I) revealed that better jumping
performance was achieved after the PJ protocol. A
one-way analysis of variance revealed significant
differences between each protocol for counter-
movement jump height (F1.891, 13.238¼ 11.61, P¼
0.001, R2¼ 0.624) and drop jump rebound height
(F1.557, 10.902¼ 4.615, P¼ 0.042, R2¼ 0.397).
Bonferroni post-hoc analysis revealed significant
differences between the PJ and SS conditions for
jump height, and between the R and both stretching
conditions for jump and rebound height (P5 0.05).
The findings suggest that submaximal aerobic
activity and skill rehearsal are key components in
the preparation for explosive activities. The results
lend support to the theory that static stretching
impedes power performance, but whether this should
be replaced by dynamic stretching requires further
research.
The effects of ankle tape on ranges of motion
and 20-m sprint times in footballers
D. Kelly, P. W. Sheard, & P. Fiolkowski
University of Bedfordshire, UK
Ankle sprains are a common injury in football and
ankle taping is regularly used as a form of external
support. Ankle tape has been shown to reduce both
the incidence and the severity of ankle sprains
(Verhagen et al., 2000: Clinical Journal of Sport
Medicine, 10, 291 – 296). However, there has been
conflicting evidence about the effects of ankle tape
on performance (Cordova et al., 2005: Medicine and
Science in Sports and Exercise, 37, 635 – 641). In
football, short, maximum sprints occur frequently
during a match and a decrement in sprint perfor-
mance could lead to a reluctance to use ankle taping.
The main aim of this study was to determine whether
ankle taping affects the range of motion of the ankle,
knee, and hip over a 20-m maximum effort sprint
and what effects, if any, this has on sprint times. A
secondary aim was to evaluate whether limitations on
ankle range of motion, caused by the tape, lead to
compensatory changes in range of motion at the knee
or hip.
After receiving signed informed consent, approved
by the departmental ethics committee, 12 males
performed 20-m sprints in both taped and non-taped
conditions. The athletes’ ankles were taped using
3.8-cm non-stretch zinc oxide strapping tape
Electrogoniometers (Biometrics Ltd, Gwent, UK)
measured the range of motion of the ankle, knee, and
hip, while sprint time was recorded using timing
gates (Omron Electronics Ltd, Milton Keynes, UK).
A repeated-measures analysis of variance was used
to compare range of motion between trials. A
significant difference was noted only for maximum
ankle plantar flexion (P5 0.001) and total ankle
range of motion (P¼ 0.001). A paired-sample t-test
detected no significant difference in sprint times.
These results show that ankle taping restricts both
maximum ankle plantar flexion and the total range of
motion of the ankle joint, but does not affect the hip
or the knee. Recent publications have indicated the
instability of the subtalar joint in a plantar-flexed
position (Fuji et al., 2005: Foot and Ankle Interna-
tional, 26, 633 – 637). By restricting the plantar
flexion, the tape will limit the ability of the ankle to
develop a potentially unstable position, and thereby
reduce the risk of inversion ankle sprain. Impor-
tantly, for both athletes and their coaches, the ankle
taping had no effect on performance over a 20-m
sprint. The results support the use of external
stabilizers, including tape, in preventing ankle
sprains.
Reliability of ‘‘time-to-exhaustion’’ trials and
physiological responses at critical power in
cycling exercise
A. Kirkland & D. Coleman
Canterbury Christ Church University, UK
Time-to-exhaustion trials are commonly used to
evaluate the effect of a treatment on sports perfor-
mance. Critical power (CP) is the demarcation point
between the heavy and severe exercise domains,
where power output¼W 0/t þ YF [where t is time,
W 0 is the slope of the line in units of energy (joules),
and YF is the fatigue threshold (CP) in units of
power (W)] (Whipp et al., 1982: Federation Proceed-
ings, 41, 1591). Although this theory suggests that
critical power can be maintained indefinitely, this is
not the case. The aims of this study were to
determine time to exhaustion at critical power and
the reliability of time to exhaustion, gas exchange
parameters, heart rate, post-test lactate, and cadence
while pedalling at this intensity
After receiving institutional ethical approval, ten
trained cyclists (mean age 34.2 years, s¼ 6.4), body
mass 76.2 kg, s¼ 8.2; height 1.81 m, s¼ 0.08)
provided written informed consent. After familiar-
ization, the participants reported to the laboratory on
nine occasions for: (1) an incremental step _V O2max
test to determine gas exchange thresholds; (2) four
different constant power tests, corresponding to
between D50% and D110% GET, resulting in fatigue
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in 2 – 15 min to determine individual critical power;
and (3) four constant-load time-to-exhaustion tests
at critical power.
The reliability of the test – retest measurements
was assessed by calculating coefficients of variation,
using the methods of Hopkins (2000: Sports Medi-
cine, 30, 1 – 15). Pearson product – moment correla-
tions were used to determine the level of significance
of the relationship between time to exhaustion and
all physiological variables with statistical significance
set at P 0.05.
Mean time to exhaustion was 1199 s (s¼ 367).
Reliability data, reported as coefficients of variation
(with 95% confidence intervals in parentheses), were
as follows: time to exhaustion, 20.14% (14.93 –
45.03); oxygen uptake ( _V O2), 3.12% (2.17 – 5.86);
carbon dioxide output ( _V CO2), 2.60% (1.81 – 4.87);
exercise economy, 3.62% (2.53 – 6.85); respiratory
exchange ratio, 2.72% (1.89 – 5.09); breathing fre-
quency, 4.55% (3.18 – 8.68); minute ventilation,
4.19% (2.92 – 7.95); pedal cadence, 2.61% (1.79 –
5.05); _V O2 after 3 min, 2.96% (2.06 – 5.56); _V O2
slow component, 81.13% (68.87 – 1064.29); and
3-min post blood lactate concentration, 17.07%
(12.47 – 36.70). We observed a significant relation-
ship between time to exhaustion and _V O2 at 3 min
(R¼ 0.984, P¼ 0.016) and strong linear relation-
ships between time to exhaustion and _V O2 (R¼
0.893, P¼ 0.107), _V CO2 (R¼ 0.754, P¼ 0.246),
and heart rate (R¼70.730, P¼ 0.270).
In conclusion, physiological responses at critical
power are inherently reliable. However, time-to-
exhaustion trials at this intensity may only be suitable
for evaluating sports performance when the effect
size of any treatment is likely to be large.
Time –motion analysis of elite women’s
field hockey
H. MacLeod, C. Bussell, F. Horner, &
C. Sunderland
Nottingham Trent University, UK
Without an understanding of the physiological
demands of a sport, valid and effective training
sessions cannot be developed. It is imperative that
preparation is based on sound empirical research.
Time – motion analysis provides essential informa-
tion that is used to estimate the contribution of each
energy supply system to match-play (Reilly &
Thomas, 1976: Journal of Human Movement Studies,
2, 87 – 97). Most research on field hockey is of
little significance due to rule changes and playing
surface developments over the last decade. The aim
of this study was to understand the physiological
demands of the modern game of women’s field
hockey through the use of video-based time –
motion analysis.
After receiving institutional ethics approval, 12
female outfield players (mean age 21.8 years, s¼ 2.9)
from the women’s English National League were
video-recorded throughout an entire game. Heart
rate was recorded using Polar Team monitors
(sampling every 5 s). The video footage was digitized
and transferred onto CD-ROM for analysis using
Focus X2 software. Both notational analysts were
made aware of the definitions of each movement
classification (stand, walk, jog, cruise, sprint, and
lunge). For each activity, the frequency, mean
duration, and percentage of total time were calcu-
lated. Intra-reliability was determined through
repeated analysis of five players during one half of
a game by the same observer. The typical error of
measurement established reliability as good to
moderate (2.4 – 7.6%). One-way analyses of variance
were performed and specific differences were identi-
fied using a Tukey post-hoc test. Statistical signifi-
cance was set at P5 0.05.
The results showed that 90% of the game was
spent in low-intensity activity. A decrease (P¼ 0.03)
in the amount of high-intensity activity performed in
the second half, coupled with a significant decrease
in average heart rate (mean 174 beats min71,
s¼ 12 vs. mean 169 beats min71, s¼ 11; P5
0.01), suggests a manifestation of fatigue resulting
in a decrease in performance. Consequently, the type
of recovery that was seen after a sprint declined in
intensity during the second half (P5 0.05).
Few differences occurred between midfielders and
forwards in terms of work rate, which may highlight a
change in modern tactics to a more fluid attacking
formation involving frequent interchanges and player
versatility. It is evident that despite the introduction
of continuous substitutions, there is a decline in work
rate in the second half. These results should be
highlighted and appropriate training programmes
implemented.
Differential distribution of attentional
resources during novel task performance
following errorless and errorful learning:
Evidence from probe reaction times
J. Maxwell
Institute of Human Performance, Hong Kong
Maxwell et al. (2001: Quarterly Journal of Experi-
mental Psychology, A54, 1049 – 1068) argued that the
commission of errors during learning increases the
amount of attention dedicated to task performance
because the learner develops and tests hypotheses
about how to perform correctly. The reduction of
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errors decreases the requirement to test new hypo-
theses and techniques; consequently, attentional load
is also reduced.
To test this attentional hypothesis further, two groups
were subjected to either errorless or errorful learning
protocols followed by retention and two transfer tests.
The learning phase consisted of eight blocks of 50
putting trial performed from eight distances (25, 50, 75,
100, 125, 150, 175, and 200 cm), using a standard
putter. The errorless group began putting from the
shortest distance to the hole and moved back after each
successive block until they reached the furthest distance.
The errorful group began putting from the furthest
distance and moved progressively closer. The retention
and transfer tests were performed by both groups at a
distance of 200 cm from the hole. Transfer tests were
akin to Beilock and Carr’s (2001: Journal of Exoperi-
mental Psychology: General, 130, 701 – 725) ‘‘funny
putter’’ manipulation. Transfer 1 involved putting with
a slightly modified putter (cork attached to the club
face); the putter’s ‘‘funniness’’ was increased further in
transfer 2 by altering the dimensions and position of the
cork attachment. Throughout the learning and test
phases, attention allocation was measured using verbal
probe reaction times in response to an auditory tone.
Probe reaction time was recorded during 30 trials per
block, 15 before movement initiation and 15 during
movement execution.
Errorless learners had significantly shorter probe
reaction times during movement execution, but not
before movement initiation. The probe reaction time
of errorful learners increased during both novel task
transfer tests, but remained constant for the errorless
group. Putting performance did not differ between
groups during the retention and transfer tests.
The results suggest that errorless learners pay less
attention to online movement control than do errorful
learners; however, attention during movement planning
is similar for both errorless and errorful learners.
The lived experience of acute
mountain sickness
J. McKenna & J. Allan
Leeds Metropolitan University, UK
Acute mountain sickness affects people accustomed
to living at low altitudes who ascend to high altitude.
It remains a phenomenon that few medical practi-
tioners or high-altitude mountaineers can fully
describe. Acute mountain sickness is a potentially
life-threatening condition that can incapacitate with-
in minutes, yet it can be alleviated by descending to a
lower altitude. To address the current limited short-
falls in understanding acute mountain sickness, we
undertook a study with institutional ethical approval.
Phenomenological techniques (Moustakas, 1992:
Phenomenological research methods. Thousand Oaks,
CA: Sage) and account-making approaches (Grove
et al., 1998: The Sport Psychologist, 12, 52 – 67) were
combined. A single mountaineer contributed a series
of written accounts in the immediate period after
evacuation from the Himalayas, after experiencing
acute mountain sickness, which were then subjected
to inductive content analysis. Wherever possible, text
is taken directly from the accounts and is summar-
ized under two main headings: ‘‘distinguishing
symptoms’’ and ‘‘opportunity loss’’.
In the early stages, ‘‘all group members struggled
with the effects of increased altitude, including breath-
lessness, dizziness, headaches, and sleeping difficul-
ties. I was bloated and heavy, my clothing was
uncomfortable . . . I avoided using oxygen available in
the hotel. I dared not show weakness’’. Acclimatization
symptoms merged with jet lag, fatigue, high effort, and
sickness and this blurred the determination of acute
mountain sickness: ‘‘I hoped others were experiencing
the same, but I didn’t ask – I was becoming detached.
I’d lost this lottery, but I was disguising my unnatural
symptoms, forcing myself to converse and act
naturally. I became a confused listener. Unknown to
me, colleagues had noticed and were preparing to take
action’’. Reflecting on being evacuated: ‘‘I now feel
devastated and search for comfort – all other members
of my group will succeed in their objective; I have failed
myself. I have to spend two full days here’’ at lower
altitude. Yet I ‘‘feel physically stronger and more
mentally astute than I have for months’’.
The findings highlight the importance of
‘‘watchful-vigilance with-support’’ within the lived
experience of acute mountain sickness. Climbers
watch one another and themselves while being
supportive and cooperative. They must make im-
portant decisions for the unfortunate victims of acute
mountain sickness who are losing their external
focus. The study highlights that, beyond the estab-
lished physical dangers of acute mountain sickness, a
speedy recovery can cause questioning of evacuation
decisions. A sense of ‘‘lost opportunity’’ profoundly
influences the interpersonal trust and forgiveness
that underpins achievement at high altitudes.
Analysis of the movement patterns of elite
beach volleyball players: European
Championships (Spain 2005)
J. A. Pe´rez, C. Sua´rez, J. J. Chinchilla,
J. M. Cortell, & J. E. Blasco
University of Alicante, Spain
Analysis of the movement patterns in competitive
sport has often been used to shape the training
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sessions of players of many sports (Spencer et al.,
2004: Journal of Sports Sciences, 22, 843 – 850).
However, beach volleyball lacks this type of research.
The aim of this study was to develop a comprehen-
sive, efficient system for comparing defensive and
offensive movement patterns in beach volleyball.
The movement patterns of 20 male players were
analysed in ten matches. Two video cameras were
sited around the court, one facing down and the
other across the court. Each camera was calibrated
by using four markers to create a reference frame-
work. The changes in each movement pattern were
recorded by each video camera. For each recording
of changes in the movement pattern, the match
position parameters before the service were used and
finished when the point concluded. The coordinates
between the defensive and offensive movement
patterns were reconstructed using a dimensional
recording matrix. The defensive movement patterns
were classified as defensive patterns, blocking pat-
terns, and receipt patterns. In the same way, the
offensive movement patterns were classified as
attack, placement, and attack preparation patterns.
The results showed that the players used offensive
movement patterns 50.85% of the time (mean 290,
s¼ 483) and defensive movement patterns 49.15% of
the time (mean 280, s¼ 169). Of the defensive
movement patterns, 20.08% (mean 224, s¼ 175)
were receptions, 33.84% (mean 185, s¼ 100) were
blocks, and 46.08% (mean 151, s¼ 107) were
defensive. Of the offensive movement patterns,
43.14% (mean 165, s¼ 269) were placements,
46.76% (mean 154, s¼ 217) were attacking moves,
and 10.10% (mean 261, s¼ 241) were attack
preparation movements.
Identifying and understanding defensive and
offensive movement patterns is vital for defining
specific, effective training strategies for beach volley-
ball, as well as for setting the criteria for the
development of future research relating them to
physiological responses.
The physical demands and positional
requirements of elite rugby union
S. Roberts, K. Stokes, & G. Trewartha
University of Bath, UK
Time – motion analysis has been used to assess
movement patterns in a variety of team sports,
including rugby union. However, there is little
objective data available on the physical demands of
elite rugby. The aim of this study was to quantify the
playing demands of English Premiership club rugby.
After receiving local research ethics committee
approval, five English Premiership matches were
recorded using five fixed cameras placed around the
pitch. Using standard two-dimensional video analysis
techniques, player movements were reconstructed at a
rate of 1 Hz for the duration of the match. Total
distances covered were calculated by summing 1-s time
displacements. Activities were categorized based on
movement speeds as standing, walking, jogging,
medium-intensity running (low-intensity activity), and
high-intensity running, sprinting, and static exertion
such as scrummaging, rucking, mauling, and tackling
(high-intensity activity). Positional groups were defined
as forwards (n¼ 14) and backs (n¼ 15). The data were
analysed using one-way analysis of variance and are
presented as means and standard deviations. Statistical
significance was set at P 0.05.
Backs covered more distance than forwards over
the course of the match (mean 6256 m, s¼ 556 vs.
mean 5852 m, s¼ 503; P¼ 0.05) and covered greater
distances during walking (mean 2315 m, s¼ 233 vs.
mean 1969 m, s¼ 212; P50.001) and high-
intensity running (mean 467 m, s¼ 124 vs. mean
329 m, s¼ 107; P¼ 0.004). Forwards spent more
total time performing high-intensity activity than backs
(mean 9:40 min:s, s¼ 0:59 vs. mean 3:10 min:s,
s¼ 1:00; P50.001) due to a longer time spent in
static exertion (mean 8:25 min:s, s¼ 1:13 vs. mean
1:16 min:s, s¼ 0:31; P50.001). Backs spent more
time in high-intensity running (mean 0:58 min:s,
s¼ 0:19 vs. mean 1:22 min:s, s¼ 0:22; P¼ 0.004)
and sprinting (mean 0:18 min:s, s¼ 0:16 vs. mean
0:33 min:s, s¼ 0:23; P¼ 0.048). Despite no differ-
ence in the total number of discrete activities
performed by forwards and backs, forwards performed
more periods of high-intensity activity (mean 139,
s¼ 19 vs. mean 87, s¼ 29; P50.001) and for longer
mean durations (mean 3.8 s, s¼ 0.6 vs. mean 2.5 s,
s¼ 0.3; P50.001).
The results show that in elite rugby union, high-
intensity activity completed by backs was more
sporadic and predominantly running based, whereas
high-intensity activity performed by forwards was
more frequent and static exertion based. Therefore,
it is possible to identify position-specific performance
parameters when developing rugby research and
conditioning protocols.
The reliability and discriminant validity of the
‘‘arrow agility test’’ for soccer players
J. Smith & S. Galloway
University of Wolverhampton, UK
Agility is thought to benefit soccer performance
(Barnes & Attaway, 1996: Strength and Conditioning,
18, 10 – 16), as changes in speed and direction are
required approximately once every 5 s throughout a
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game (Kirkendall, 1985: Physician and Sports Medicine,
13, 53 – 59). However, the validity of tests that have been
used to assess the agility of soccer players has been
questioned (Buttifant et al., 2002: In Science and football
IV, edited by W. Spinks et al. London: Routledge;
Pauole et al., 2000: Journal of Strength and Conditioning
Research, 14, 443 – 450) due to their high correlation
with linear sprint running. The aim of the study was to
examine the reliability and validity of a new agility test
designed for use with soccer players.
After receiving institutional ethical approval, 35
university soccer players (14 males, 21 females)
completed the arrow agility test on two occasions
5 days apart. The test included seven changes of
direction at angles of 908, 1208, 1508, and1808; forward,
backward, and sideways movements; and six transitions
between movement patterns. The maximum linear
distance was 5 m and the total distance covered
equalled 33.5 m. On a third occasion, an additional
35 male university soccer players completed the arrow
agility test and a 30-m linear sprint test. A dependant
t-test revealed that there were no significant differences
between the test – retest data for the arrow agility test
(t34¼ 0.833, P¼ 0.38, effect size¼ 0.03) and the
Pearson’s correlation coefficient (r) for the test – retest
results was 0.977 (P50.01, r2¼ 0.95), indicating a
high level of reliability. The discriminant validity of the
arrow agility test was examined using Pearson’s
correlation coefficient (r) and the coefficient of deter-
mination (r2). The arrow agility test and linear sprint test
were significantly correlated (r¼ 0.608, P50.01),
indicating that linear sprinting contributes significantly
to variability in the agility test scores. However, the r2
value of 0.37 indicated that the two tests shared only
37% common variance and that they can therefore
be considered reasonably independent in nature
(Thomas & Nelson, 1990: Research methods in physical
activity. Champaign, IL: Human Kinetics).
The results indicated that the arrow agility test was
reliable and was reasonably able to discriminate
between agility and linear sprinting performance.
Future research should investigate the development
of sport-specific field-based agility tests that are best
able to discriminate between agility and linear
sprinting performance.
The predictive validity of the ‘‘arrow agility
test’’ for university soccer players
J. Smith & S. Galloway
University of Wolverhampton, UK
Agility is considered to benefit soccer performance
(Barnes & Attaway, 1996: Strength and Conditioning,
18, 10 – 16) and has been shown to be a more
powerful discriminator between elite and sub-elite
soccer players than tests of aerobic performance,
speed, speed endurance, and power (Reilly et al.,
1996: Journal of Sports Sciences, 18, 695 – 702).
However, the validity of tests such as the Illinois
agility test and agility T-test, which have been used to
assess the agility of soccer players, have been
questioned (Buttifant et al., 2002: In Science and
football IV, edited by W. Spinks et al. London:
Routledge; Pauole et al., 2000: Journal of Strength and
Conditioning Research, 14, 443 – 450) due to their
high correlation with linear sprint running. The aim
of this study was to investigate the predictive validity,
or the ability to predict level of sporting performance
(Harman & Pandorf, 2000: In Essentials of strength
training and conditioning, edited by T. R. Baechle &
R. W. Earle. Champaign, IL: Human Kinetics), of a
new agility test designed for use with soccer players.
After receiving institutional ethical approval, 49
soccer players who attended trials for a university team
completed the ‘‘arrow agility test’’. This test was
adapted from the agility T-test (Semenick, 1990:
National Strength and Conditioning Association Journal,
12, 36 – 37) and included seven changes of direction at
angles of 908, 1208, 1508, and 1808. The test also
incorporated forward, backward and sideways move-
ments, and required six transitions between movement
patterns. There was a maximum straight-line distance of
5 m, and the total distance covered was 33.5 m. Those
players who were selected for the university squads were
then identified. An independent t-test revealed that
those players selected for the university squads per-
formed significantly better on the arrow agility test
(mean 11.15 s, s¼ 0.86) than those players who were
not selected (mean 11.98 s, s¼ 0.62) (t47¼ 3.95,
P50.01, effect size¼ 1.11).
The results indicate that the arrow agility test was
able to identify the level of sporting performance of
university and non-university soccer players. Future
research should investigate the use of the arrow
agility test in differentiating between less hetero-
geneous playing standards, for example first and
second team squad players.
The characteristics of professional and amateur
international rugby union players
J. Smith & T. Lafotanoa
University of Wolverhampton, UK
Rugby union involves periods of high-intensity activity
interspersed with periods of incomplete recovery, and
players require qualities such as endurance, speed,
agility, and power (Gabbett, 2002: Journal of Sports
Sciences, 20, 399 – 405). A significant relationship
between average body mass and team ranking in elite
competition has also been reported (Olds, 2001: Journal
364 Abstracts
D
o
w
n
lo
ad
ed
 B
y:
 [
De
ak
in
 U
ni
ve
rs
it
y]
 A
t:
 0
0:
45
 3
 S
ep
te
mb
er
 2
00
9
of Sports Sciences, 19, 253 – 262). However, there has
been limited research on the profiles of contemporary
players (Duthie et al., 2003: Sports Medicine, 33, 973 –
991). The aim of the present study was to investigate the
anthropometric characteristics and agility performance
of professional and amateur international rugby union
players.
After receiving institutional ethical approval, the
body mass, height, percent body fat, agility test
performance, playing position (8 forwards, 9 backs),
and standard of match-play (8 professionals, 9
amateurs) of 17 international rugby union players
were recorded. Percent body fat was estimated from
skinfold measurements, while agility was assessed
using the arrow agility test. The agility test included
seven changes of direction at angles of 908, 1208,
1508, and 1808; forward, backward, and sideways
movements; and six transitions between movement
patterns. The maximum linear distance was 5 m and
the total distance covered equated to 33.5 m.
Two-way analysis of variance (body mass6position
and standard of match-play) indicated that there was a
significant main effect of position on body mass
(F1,13¼ 6.12, P¼ 0.03, partial Z2¼ 0.32) (forwards:
mean 107.2 kg, s¼ 3.83; backs: mean 94.0 kg, s ¼ ). A
further two-way analysis of variance (agility6position
and standard of match-play) indicated that there was a
significant main effect of standard of match-play on
agility (F1,13¼ 7.42, P¼ 0.017, partial Z2¼ 0.36) (ama-
teurs: mean 12.35 s, s¼ 0.18; professionals: mean
11.63 s, s¼ 0.19). All other main effects of position
and standard of match-play, and position by standard of
match-play interactions with respect to body mass,
height, percent body fat, and agility, were not significant
(P40.05).
The results indicate that in terms of the anthro-
pometric characteristics, the most marked difference
was between playing position (forward/back) and
body mass, and that the arrow agility test was able to
differentiate between the two standards of match-
play. This suggests that agility is requisite for
professional rugby union performance. Future
research should focus on the sport-specific fitness
characteristics of different standards of contempor-
ary rugby union players.
Post-exercise neutrophil oxidative activity
during simulated acute exposure to 3000 m
altitude
D. Thake & M. Price
Coventry University, UK
Symptoms of infection are common at high altitude
(Murdoch, 1995: Aviation, Space and Environmental
Medicine, 66, 148 – 151). At sea level depressed post-
exercise neutrophil oxidative activity may, at least in
part, explain the increased incidence of upper
respiratory tract infection observed after exhaustive
exercise at sea level (Pyne et al., 1996: European
Journal of Applied Physiology, 74, 564 – 571). Hypoxia
augments the exercise-induced increase in cir-
culating neutrophils spontaneously producing super-
oxide during the same submaximal exercise bout
[50% normoxic peak oxygen uptake ( _V O2peak)]
(Thake & Mian, 2003: Journal of Physiology, 547P).
Therefore, the current study examined whether the
post-exercise inhibition of neutrophil functional
capacity is amplified in hypoxia compared with
normoxia.
After receiving local ethical committee approval,
seven active males (mean age 26.9 years, s¼ 7.4;
height 1.78 m, s¼ 0.09; body mass 73.3 kg, s¼ 6.8;
normoxic _V O2peak 4.32 l min71, s¼ 0.41; estimated
fat mass 11.8%, s¼ 2.2) undertook 30 min of
moderate cycle exercise (50% _V O2peak) in normo-
baric hypoxia (FIO2¼ 0.14) and normoxia
(FIO2¼ 0.209). Four of the participants also con-
ducted incremental exercise to volitional exhaustion
in normoxia and normobaric hypoxia. Lipopolysac-
charide-stimulated neutrophil superoxide and
reactive oxygen species generation, assessed by
nitroblue-tetrazolium (NBT) reduction and lumi-
nal-enhanced chemiluminescence respectively, were
monitored throughout 180 min of recovery. For each
exercise intensity, general linear model analysis of
variance, used to incorporate inter-participant varia-
bility, was conducted on ranked data (normoxia and
normobaric hypoxia) and the non-parametric statis-
tic ‘‘L’’ calculated (Thomas et al., 1999: Research
Quarterly for Exercise and Sport, 70, 11 – 23).
Table I. Neutrophil activity after moderate (n¼7) and peak (n¼ 4) exercise in normoxia and hypoxia (mean+ s).
Exercise cessation 120 min recovery
Normoxia
Normobaric
hypoxia Normoxia
Normobaric
hypoxia
50% _V O2peak NBT positive neutrophils (10
9  litre71) 1.97+0.96 1.38+ 0.46* 1.49+0.70 1.38+0.46
Chemiluminescence per neutrophil (% of rest value) 110+20 107+ 45 115+56 125+81
_VO2peak NBT positive neutrophils (10
9  litre71) 1.20+0.45 1.34+ 0.72 2.56+1.25 2.56+0.55
Chemiluminescence per neutrophil (% of rest value) 128+43 283+ 179 111+37 73+12#
(*P50.05; #P5 0.05, main effect for trial 15 to 180 min post-exercise).
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The main results are presented in Table I. At 120 min
recovery from peak exercise, chemiluminescence on a
per neutrophil basis reached a nadir that was attenuated
in normobaric hypoxia compared with normoxia.
Although clearly not establishing cause and effect, it is
plausible that this transient reduction in neutrophil
oxidative capacity contributes to an increased suscept-
ibility to opportunistic infection in normobaric hypoxia
compared with normoxia. Investigations pertaining to
the effect of repeated daily bouts of exercise in
normobaric hypoxia and the impact of further reduc-
tions in PIO2 are potentially relevant to infection
aetiology at altitude.
The criterion validity of the 20-m multi-stage
fitness test as a predictor of maximal aerobic
power in high-level junior rugby league players
C. Twist1, K. Lamb1, C. Nicholas1, & V. Webb2
1University of Chester and 2The Rugby
Football League, UK
Maximal aerobic power ( _V O2max) is a key compo-
nent of rugby league performance and has previously
been evaluated in junior players using the 20-m
multi-stage fitness test (Gabbett, 2005: Journal of
Strength and Conditioning Research, 19, 749 – 755).
However, although the criterion validity of this test
has been considered in active adults (Cooper et al.,
2005: British Journal of Sports Medicine, 39, e19), no
current data exist regarding such measures in young
rugby league players. The aim of this study was to
assess the criterion validity of the 20-m multi-stage
fitness test as a predictor of _V O2max in junior rugby
league players.
After receiving ethical approval, 15 Scholarship
players (mean age 14.4 years, s¼ 1.2; height 1.74 m,
s¼ 0.08; body mass 69.2 kg, s¼ 13.7; sum of four
skinfolds 40.2 mm, s¼ 18.1) volunteered to partici-
pate in two exercise tests 7 days apart. The players
had prior experience of the test procedures and
provided written informed consent to participate.
The 20-m multi-stage fitness test was performed in
accordance with standardized procedures with the
participants running in groups. Maximal aerobic
power was predicted from the number of completed
levels and shuttles using the tables of Ramsbottom
et al. (1988: British Journal of Sports Medicine, 22,
141 – 144). The criterion measure was obtained from
an incremental treadmill test commencing at
11 km  h71 and 0% gradient, followed by increases
of 2% every minute until volitional exhaustion.
Expired air was collected using an online metabolic
system (Cosmed Quark b2, Cosmed S.r.l., Rome,
Italy), with _V O2max defined as the highest _V O2
recorded over 15 s.
The results indicated that although the 20-m
multi-stage fitness test and criterion measurements
of _V O2max were significantly related (r¼ 0.82,
P5 0.05), the test underestimated the criterion
values (on average) by 5.24 ml  kg71 min71 (mean
52.1 ml  kg71 min71, s¼ 5.2 vs. 57.3 ml  kg71 
min71, s¼ 6.6; t¼ 5.44, P5 0.05). The 95% limits
of agreement (LoA) were 5.24+ 7.31 ml 
kg71 min71. These findings are consistent with
those reported by Fairbrother et al. (2005: Journal of
Sports Sciences, 23, 196) for adolescent competitive
soccer players (LoA¼ 4.5+ 10.4 ml  kg71 min71)
and reaffirm that the 20-m multi-stage fitness test
underestimates _V O2max in young athletes.
We conclude that although the 20-m multi-
stage fitness test may be used as an indicator of
relative endurance performance (given the above
relationship), it should not be used to predict
maximal aerobic power in high-level junior
rugby league players. Instead, it is recommended
that performance in the 20-m multi-stage fitness
test is assessed as the number of shuttles
completed.
The demands of Madison track cycling
J. Woodside1, M. Parker2, & L. Passfield1
1University of Glamorgan and 2English Institute of
Sport, UK
Despite being an Olympic and World Championship
event, we are not aware of any scientific reports of the
physical demands of the Madison track cycling race.
Thus, the aim of this study was to assess the
demands of a race of international standard.
Madison finals are up to 50 km long, with
competitors organized into two-rider teams. The
race is won by the team accumulating the most
points, scored from intermediate sprints, or by
lapping rivals. The characteristic aspect of Madison
racing is that riders from a team must take turns to
race.
The two riders studied were reigning Madison
world champions. Data were collected from a UCI
World Cup, a qualifying event for the World
Championships, in which the riders finished third.
Both riders performed a test of maximum aerobic
power output within 1 month of the competition
[rider A: 499 W (6.0 W  kg71); rider B: 378 W
(5.0 W  kg71)]. A 20-km qualifying heat and a
40-km final were completed on the day of competi-
tion. Power output, speed, and cadence were
recorded continuously using an SRM crankset
(Julich, Germany). Means and standard deviations
for riders’ racing and recovery turns were recorded
and compared using t-tests.
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The riders performed 15 – 16 turns in the 20-km
heat and 30 – 31 turns in the 40-km final. Racing :
recovery intervals were 46:42 s and 49:39 s for the
two races. Racing power output for the heat and final
differed between the two riders (rider A: mean
413 W, s¼ 92 vs. rider B: 354 W, s¼ 79; P5 0.01),
but not between heat and final. Accordingly, racing
power output equated to 83% (s¼ 18) and 94%
(s¼ 21) maximum aerobic power output for riders A
and B respectively. Recovery interval power output
was different between riders (rider A: mean 138 W,
s¼ 30 vs. rider B: 117 W, s¼ 26; P5 0.001), but not
between heat and final. Accordingly, recovery power
output equated to 28% (s¼ 6) and 31% (s¼ 6)
maximum aerobic power output for riders A and B
respectively. Racing speed was 51.2 km  h71
(s¼ 3.8) and 51.7 km  h71 (s¼ 2.9) for the heat
and final respectively, while cadence averaged 119
rev min71 (s¼ 6) and 120 rev min71 (s¼ 7) for
riders A and B respectively.
We conclude that international standard Madison
racing requires repeated efforts of over 80% max-
imum aerobic power output, sustained for 45 – 50 s,
with shorter recovery periods at approximately 30%
maximum aerobic power output. It is noted that
power output during the racing intervals were highly
variable.
PART VIII: ADDITIONAL PAPERS
Attributing responsibility for success and
failure in teams
M. V. Jones, M. Allen, D. Sheffield,
& P. J. McCarthy
Centre for Sport and Exercise Research,
Staffordshire University, UK
In organizational settings teams are given credit for
success, while individuals tend to be singled out as
the cause of team failure (Naquin & Tynan, 2003:
Journal of Applied Psychology, 88, 332 – 340). This is
proposed to occur because failure triggers counter-
factual thinking whereby thoughts of alternative
outcomes are generated (Roese, 1997: Psychological
Bulletin, 121, 133 – 148). Because people are more
likely to have counterfactual thoughts that target
individuals, their attributions are biased accordingly.
In this study, this ‘‘team halo effect’’ was examined
across three samples of team sport participants and
sport fans. After receiving ethics approval from the
authors’ institution, team and individual attributions
were assessed using a similar procedure to Naquin
and Tynan.
In the first sample, 194 athletes (140 males, 54
females: mean age 19.6 years, s¼ 2.2) recalled both a
successful and unsuccessful team sport competition
in which they were involved. Greater attributions
were made to team factors (F1,193¼ 277.04,
P5 0.001, Z2¼ 0.589) across both success and
failure.
In the second sample, 99 athletes (20 males, 79
females: mean age 22.1 years, s¼ 5.5) indicated the
reasons for success or failure immediately after
competing. Greater attributions were made to
team factors (F1,97¼ 103.20, P5 0.001, Z2¼ 0.515)
across success and failure. A significant interaction
was observed (F1,97¼ 6.12, P5 0.05, Z2¼ 0.059)
whereby attributions to the team (P5 0.001) were
lower following failure than following success.
In the third sample, data were collected from 113
association football fans (86 males, 27 females: mean
age 19.5 years, s¼ 2.0). Greater attributions were
made to team factors (F1,112¼ 145.12, P5 0.001,
Z2¼ 0.564). An interaction was observed (F1,112¼
11.379, P¼ 0.001, Z2¼ 0.092) whereby attributions
to the team (P5 0.001) were lower and attributions
to individuals were higher (P¼ 0.001) following
failure than following success.
In contrast to organizational settings, responsibil-
ity both for success and failure were allocated
primarily to the team. However, attributions to the
team were lower following failure than following
success, although apart from the sports fans there
was no concomitant increase in attributions to the
individual following failure. This tendency to direct
less attention towards team factors following failure
may impact the strategies used by teams to address a
poor performance.
Seasonal variations in the physiological fitness
of semi-professional footballers
B. Caldwell & D. M. Peters
University of Worcester, UK
The physiological demands of football require
players to be competent in several aspects of fit-
ness, including aerobic fitness, anaerobic power,
muscular strength, agility, and flexibility (Reilly &
Williams, 2003: Science and soccer, 2nd edn. London:
Routledge). While research has investigated seasonal
changes in these parameters in professional footbal-
lers, there is a paucity of research with part-time,
semi-professional players. The aim of this study was
to investigate seasonal variations in the physiological
fitness of semi-professional footballers over a 12-
month period.
After receiving institutional ethical approval, 13
male footballers from the English Nationwide Con-
ference North League participated in the study (mean
age 24.4 years, s¼ 4.8; body mass 75.6 kg, s¼ 6.1;
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height 1.78 m, s¼ 0.06). Each player was tested five
times over a 12-month period (end season 2004 –
2005; pre pre-season 2005 – 2006, post pre-season,
mid-season, and end season 2005 – 2006) with data
gathered using bio-electrical impedance, the 20-m
multi-stage fitness test, countermovement standing
vertical jump (SVJ) with arm-swing, 15-m sprint, the
Illinois agility test, and the sit-and-reach test.
Repeated-measures analysis of variance followed
by paired samples t-tests with Bonferroni correction
(P5 0.01) was used to identify significant differ-
ences in progressive stages of the season (see
Table I).
The de-conditioning apparent in all fitness para-
meters in the off-season, in conjunction with
progressive improvement in most players from post
pre-season to mid-season, would support these
parameters as sport-specific fitness requirements.
Such improvements suggest that the short-term
demands of playing and training in the first half of
the season develop fitness and these trends are
similar to those for professional players (Brady et al.,
1995: Journal of Sports Sciences, 13, 499).
Further research is needed to identify if the plateau
in fitness from mid-season is due to attaining the
required level of fitness, fatigue, allied training or
even relative success. Enhancing off-season training
may enable yearly fitness increases by at least
maintaining fitness levels for next year’s pre-season.
Effects of a physiological training programme
on elite adaptive rowers
J. Johnstone, G. Doyle, M. Gillespie, &
A. Williamson
Health and Biosciences, University of East London, UK
Individuals with disabilities exhibit lower cardio-
vascular fitness than their non-disabled peers
(Steadward, 1998: Canadian Journal of Applied
Physiology, 23, 131 – 165). Evidence indicates indivi-
duals with disabilities can achieve training effects
from exercise programmes. Research has previously
focused on generic conditioning programmes rather
than sport-specific responses to training (Bhambhani,
2002: Sports Medicine, 32, 23 – 51). Currently, mini-
mal literature analyses exercise responses among
elite athletes with disabilities. The aim of this study
was to examine the effects of a high-performance
training programme on elite adaptive rowers.
International Rowing Federation (FISA) classifi-
cations are based on the functional abilities of
athletes. These are LTA (legs, trunk, and arms),
TA (trunk, arms), and A (arms-only). Seven elite
adaptive rowers (‘‘LTA’’: 2 males, 2 females, mean
age 28.5 years; ‘‘A’’: 3 males, mean age 36.6 years)
consented to participate. In the high-performance
training programme, adaptive rowers typically com-
plete 10 – 12 sessions per week including on- and
off-water rowing-specific work. Eighty percent of
training focused upon aerobic work, the remainder
consisting of strength, power, and flexibility. A 3-min
maximal discontinuous protocol using a Concept
IIC ergometer (Concept II, Morrisville, VT) was
used to assess physiological response to the high-
performance training programme. Participants were
tested pre- and post-training over a 3-month period.
Heart rate (Polar Oy, Kempele, Finland) and
blood lactate (Lactate Pro, Akray, Japan) were
collected. ‘‘A’’ classification rowers used a fixed seat
ergometer.
Preliminary results indicated decreased blood
lactate concentrations and a trend towards lower
maximum heart rates at equivalent power outputs
(Table I). The results suggest that elite adaptive
rowers are able to respond positively to a sport-
specific training regime. Trends within both classi-
fications show marked decreases in blood lactate
production, which indicates a training response over
time.
This sport-specific study is one of the first to
document physiological changes in an adaptive
rowing population. This work will help in monitoring
the progression of athletes and assist in the prescrip-
tion of training intensity. Challenges for further
research in this area include the small population
available, comparison between FISA classifications,
and the need for continued long-term collection of
data on this unique cohort.
Table I. Results.
End 04/05 Pre-Pre Post-Pre Mid End 05/06
% Fat 14.3+ 3.1 5 14.9+3.0 4 14.5+3.2 4 14.3+ 3.2 4 14.0+3.3
_VO2 (ml  kg71  min71) 58+ 1.9 4 56+1.2 5 58+1.6 5 59+ 2.3 4 58+2.2
SVJ (cm) 57+ 4.0 4 54+3.2 5 56+3.7 5 57+ 3.4 – 57+3.4
15-m sprint (s) 2.43+0.09 5 2.51+ 0.10 4 2.49+0.10 4 2.44+0.10 – 2.43+ 0.08
Agility (s) 14.73+0.37 5 14.97+ 0.38 4 14.76+0.38 – 14.68+0.34 – 14.63+ 0.37
Flexibility (cm) 27+ 6 4 25+6 5 26+ 6 5 28+ 6 – 27+6
Note: 4¼ significantly greater, 5¼ significantly less, –¼non-significant (P5 0.01).
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Table I. Maximal blood lactate concentration (Lamax, mmol  l71) and heart rate (HRmax, beats  min71) responses.
‘‘LTA’’ rowers ‘‘A’’ rowers
Participant: 1 2 3 4 1 2 3
Power output (W) 300 300 225 200 120 100 120
Pre Lamax 13.3 13.7 14.1 10.4 10.3 5.7 13.2
Post Lamax 10.8 13.1 9.3 8.7 9.2 3.9 12.6
Pre HRmax 168 186 193 184 176 183 172
Post HRmax 169 181 193 179 181 182 170
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